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NOTICE. 


r^  This  manual  is  one  of  three  which,  taken  together,  form  the 

Elementary  Course  of  Natural  History  prescribed  and  sanc- 
tioned by  the  Council  of  Public  Instruction  of  France.  The 
Botanical  work  was  written  by  the  grandson  of  the  celebrated 
Jussieu;  the  Mineralogical  and  Geological  portion  of  the  course 
by  M,  F.  S,  Beudant,  a  gentleman  distinguished  for  his  know- 
ledge of  these  sciences;  the  Zoological  Manual,  now  for 
the  first  time  translated,  is  the  production  of  my  most 
asteemed  friend,  M.  Milne  Edwards,  one  of  the  first  of  living 
zoologists. 

The  work,  in  it«  original  form,  has  already  passed  through 
seven  editions :  a  sure  proof  of  its  merit.  It  is  admirably 
adapted,  by  the  simplicity  of  its  style  and  practical  character, 
to  form  a  safe  text-book  in  all  schools  and  colleges,  and  to 
aid  in  that  which  I  have  never  lost  sight  of,  namely, — the 
introduction  of  my  favourite  pursuit.  Zoology,  into  univer- 
sities as  a  recognised  branch  of  general  education. 

Thinking  it  would  be  but  an  act  of  justice,  though  tardy, 
to  place  before  the  English  reader  a  work  of  an  esteemed 
friend,  which,  according  to  the  fashion  of  the  day,  has  formed 
the  stock  in  trade  of  so  many  English,  Scotch,  Irish,  and 
American  literarj'^  contrabandists,  I  wrote  M.  Edwards  on 
the  subject,  and  received  from  him  the  following  letter, — a 


VI  NOTICE. 

guarantee  to  the  public  that  the  Translation  has  been  under- 
taken with  the  Author's  full  approbation ;— ^ 

**  Yernet  lee  Bains,  Pjr6n£e8  Orientales, 
le  28  Aott,  1856. 

"  Monsieur  et  cher  Confrere, — II  ne  peut  m*6tre  que  tres 
agreable  de  voir  pai'aitre  sous  vos  auspices  une  traduction 
anglaise  de  mon  petit  ouvrage  el^mentaire  de  Zoologie; 
aussitot  mon  retour  a  Paris  j'aurais  le  plaisir  de  vous 
adresser  une  exemplaire  de  la  demiere  edition.  Le  nombre 
des  exeraplaires  d6ja  vendus  s'elevent  en  tout  a  plus  de 
30,000 ;  ce  qui  me  fait  esperer  que  la  traduction  anglaise  se 
placerait  bien. 

"  Veuillez  agreer.  Monsieur  et  cher  Confrere,  la  nouvelle 
assurance  de  ma  parfaite  consideration. 

(Sign6)  "  Milne  Edwards." 

"  A  M.  le  Docteur  Knox." 

As  a  scientific  man,  and  a  teacher  of  Anatomy  and  of  the 
great  principles  of  Zoology  to  thousands,  including  the  names 
of  many  of  the  most  celebrated  scientific  men  of  the  day,  I 
ought  not  perhaps  to  notice  the  literary  pirates  to  whom  I 
have  just  alluded,  were  it  not  that,  during  the  last  hundred 
years,  they  have,  in  despite  of  many  excellent  English  writers, 
greatly  retarded  the  progress  of  Zoology  in  Britain  and  else- 
where, wherever,  indeed,  the  English  language  is  spoken. 
Carefully  excluding  from  their  compilations  all  elevated  and 
correct  views  of  science,  they  have,  by  their  anecdotic  and 
quasi-popular  style,  contributed  to  debase  the  works  of  the 
most  eminent  zoologists  to  such  an  extent,  that  the  grand 
labours  of  Buffon,  the  masterly  researches  of  Cuvier,  the 
profound  views  of  Goethe,  Oken,  and  Spix,  can  scarcely  be 
recognised.  Their  views  are  anti-scientific,  anti-educational ; 
calculated,  if  not  devised,  to  retard  the  progress  of  the 
human  mind. 

A  single  remark  is  required,  and  will,  I  trust,  sufiice  to 


7^^^  "'"^irhj'  thia  tnrulatiou  of  my  eateemed  friend's  work 
^'^^^^SK  ft  considerably  less  spwe  than  the  original.  The 
'^^teranalmtion  being  addressed  to  Englishmen,  lovers  of  mattera- 
of-fact,  in  aeience  as  veil  as  in  other  things,  it  became  a  duty 
I  owed  the  public  and  publisher  b>  avoid  all  repetitions, 
all  French  idioms,  aJl  lengthened  treatment  of  physiological 
aod  metaphysical  hypotheaea ;  hut  in  doing  ho  I  have  scru- 
pulounly  avoided  omitting  any  fact  or  idea  or  opinioD  of  the 
author.  The  curtailmeot  has  been  in  the  language  alone. 
The  anatomical  details  of  the  work  I  have  endeavoured  to 
^ve  in  aa  brief,  concise,  and  simple  a  manner  as  befits  such 
mattera.  Anatomy  ia  a  science  of  facta  and  of  demonstrations ; 
even  when  the  objects  are  present,  as  in  lectures  (and  this  was 
the  original  form  of  M.  Edwards's  work),  it  ia  a  mistake  to  over- 
load their  description  with  tcrma,  whether  technical  or  popular: 
my  vast  experience  aa  a  teacher  of  Anatomy  early  taught  me 
fcfais.  In  French  the  error  is  less  obvious  than  in  English,  a 
laJiguoge  which  does  not  readily  accommodate  itself  tiD  tho»e 
coiDbioationa  of  unclassical  terms  which  all  science  unfor- 
tunateiy  requires;  which  »ound  harshly  to  the  ears  of  the 
claHsical  acbolar,  and  have  greatly  retarded,  no  doubt,  the 
accomplishment  of  that  object  which  is  the  aim  of  this  work, 
namely, — the  introduction  in  England  of  Zoology  as  a  branch 
of,  primary  education. 
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which  skeleton  the  sternum  is 
wanting.  I  examined  it  with 
Baron  Cuvier  himself. 

Sternum  and  Shouldar  Bones 
of  the  Omithorhynchus  Para- 
doxus. 

Pelvis  of  the  same  Animal. 
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fect Animal. 

303.  Skeleton  of  the  Frog. 

304.  Bainette. 

305.  Aquatic  Salamander. 

306.  TheBedMullet-MullusBarbatns. 

307.  Skeleton  of  the  Perch. 
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310.  Sword-Fish- Espadon  — Ziphias 

Gladius. 
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370.  Papilio  Machaon— Imago  of  Pa- 

pilio Machaon. 
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376.  Eph^m^re — ^Eph^mera. 
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379.  Scarab^e  (or  Aleucus  des  Egypt- 
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381.  Larve  de   Hanneton— Larva   of 
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Vine. 
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394.  Bombyx  feuille  de  Chdne— Oak- 

)eafMoth. 
385.  FyraledelaVigne— Fyralieofthe 

Vine. 
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438.  Nereis. 

439.  Limbs  of  an  Annelide,  of  the 

genus  Eunice. 
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INTRODUCTION. 


The  task  I  have  undertaken,  and  whicli  I  now  com- 
plete, is  simple,  and  conformable  to  all  my  views,  studies, 
and  pursuits.  Esteem  for  the  author  and  for  a  family  I  have 
long  known,  induced  me  to  undertake  the  translation  of  an 
elementary  work  on  Zoology  occupying  that  difficult  and 
doubtful  position  in  which  all  such  works  are  of  necessity 
placed.  Addressed  to  professional  students,  and  yet  not 
exclusively  so,  who,  partially  educated,  as  the  case  may  be,  are 
about  to  qualify  themselves  for  embarking  in  some  one  or 
other  of  the  great  professions  which  form  the  occupation  of 
the  intellectual  world,  such  studies  seem  uncalled  for  as 
barren  of  future  profitable  results.  That  such  a  feeling  pre- 
vails with  most  professional  students — using  the  term  pro- 
fessional in  its  widest  ac<jeptation — I  am  well  aware ;  indeed, 
as  regards  the  students  of  one  of  these  learned  professions, 
none  can  know  better,  if  so  well^  as  I  do.  Director  of  the 
anatomical  studies  of  many  thousands  of  medical  students,  I 
have  ever  found  them  adverse  to  science,  strictly  so  called ; 
especially  to  that  branch  of  zoological  science  termed  Natural 
History.  They  desired  to  be  practical.  Zoology  is  not  a  prac- 
tical art :  in  this  view,  therefore,  it  leads  to  nothing. 

John  Hunter  had  lived  and  laboured:  his  vast  ideas,  his  bril- 
liant discoveries,  his  views,  which  seem  more  like  inspirations 
than  the  natural  result  of' an  industry  unsurpassed,  lay  buried 
in  the  hall  of  a  corporate  body  with  whom,  as  a  surgeon,  he 
was  accidentally  associated :   but  he  had  laboured  in  vain. 
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Hiu  views  he  placed  before  the  world  in  the  form  of  a  museum, 
to  which  none  of  the  labours  of  men's  hands  can  be  compared 
— ^unless  it  be,  and  these  no  doubt  excel,  the  handiwork  of 
those  who  carved  the  Medicean  Venus  and  the  Belvidere 
Apollo.  For  never,  I  believe,  at  any  period  of  its  history, 
was  Zoology  in  a  lower  condition  in  Britain  than  that  in 
which  I  found  it  when,  returning  from  France,  in  the 
summer  of  1825,  I  submitted  to  a  small  but  select  class  an 
outline  of  those  great  views  which  France  and  Germany  had 
taught  me,  and  which  I  have  continued  to  meditate  and 
reflect  on  to  the  present  day.  Since  that  period  the  educa- 
tional institutions  of  the  country  have  become  somewhat 
multiplied,  perhaps  improved.  The  pressure  of  continental 
opinion  has  told  on  Britain,  and  ere  long  it  is  by  no  means 
improbable  the  sciences  of  simple  observation  may  be  deemed, 
if  not  equal  in  importance  to  those  great  branches  of  human 
knowledge  wrapped  up  in  the  study  of  numbers  and  of  lite- 
rature, at  least  esteemed  useful,  practically  calculated  to 
expand  the  intellect — the  first  object  of  all  education. 

It  is  a  matter  not  only  curious  in  itself,  but  fraught  with 
interest  to  the  future  historian,  to  trace,  however  briefly,  the 
gradual  unfolding  of  modem  education,  as  contrasted  not 
merely  with  the  ancient  but  with  that  which,  even  in  my 
younger  days,  prevailed  everywhere.  The  interest  lies  chiefly 
in  contrasting  the  low  estimate  which  prevailed  respecting 
the  nature  and  character  of  the  sciences  of  simple  observa- 
tion, as  compared  with  true  science ;  that  description  of  know- 
ledge which  admits  of  a  priori  reasoning,  from  that  which 
scarcely,  if  at  all,  admits  of  such.  Hence,  no  doubt,  the 
exclusion  of  chemistry,  anatomy,  natural  history,  from  the 
curriculum  of  all  universities,  schools,  colleges,  examining 
bodies.  Medicine,  an  art  mistaken  for  a  science,  usurped 
their  place,  and  these  branches  of  knowledge  were  tacked  to 
medicine  furtively,  but  not  mentioned  or  spoken  of  aloud. 
The  sciences  I  speak  of  were  merely  permitted  to  exist  under 
a  withered  and  degraded  form ;  and  a  &culty  which  never 
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ought  to  have  had  a  place  in  any  university,  came  at  last  in 
many  to  play  a  prominent  part ;  as  if  to  complete  the  mis- 
apprehensions of  true  science,  it  required  only  to  add  to  these 
the  mechanical  art  of  surgery ;  and  this  of  course  followed : 
nor  could  it  have  heen  otherwise  in  a  country  where  constants 
are  alone  looked  on  as  valuahle,  applicative,  productive ;  in* 
dustrial  fisusts  hearing  on  the  great  questions  of  profit  and 
loss — direct,  immediate,  alone  esteemed. 

Generally  speaking,  the  continental  universities  resisted 
this  pollution:  they  refused  all  association  with  faculties, 
medical  or  otherwise,  and  more  especially  that  of  France; 
access  to  the  scientific  departments  of  the  army  was  closed,  hy 
the  rigorous  education  and  examination  of  the  Polytechnic 
School,  to  all  who  had  not  mastered  the  elements  at  least  of 
natural  science ;  whilst  of  the  aspirant  for  the  diploma  of  medi- 
cine a  first  university  degree  was  demanded.  Now  that 
degree  the  candidate  could  not  ohtain  if  ignorant  of  those 
hranches  of  knowledge  which  constitute  Natural  History.  The 
necessity  produced  a  want,  namely,  a  hrief  manual  of  instruc- 
tion suited  to  such  a  case ;  the  want  was  supplied  in  respect 
of  Zoology  by  my  friend  M.  Milne  Edwards,  whose  work  in 
an  English  dress  I  now  present  to  the  public ;  the  botanical 
manual  was  the  work  of  a  descendant  of  the  illustrious 
Jussieu ;  the  mineralogical  and  geological  by  Beudant :  the 
three  comprising  all  Natural  History. 

But  of  one  thing  I  am  thoroughly  convinced.  This  im- 
proved condition  of  education,  even  in  France,  was  the  result 
of  accident, — of  the  accidental  appearance  in  France  of  a  man 
destined  to  revolutionize  all  zoological  science,  viewed  under 
every  possible  aspect — that  man  was  George  Cuvier.  To  be 
convinced  of  the  truth  of  this  view,  we  have  but  rapidly  to 
trace  the  history  of  Zoology  from  the  period  of  the  immortal 
Historia  Animaliwm  of  Aristotle,  to  that  of  St.  Pierre  and 
Faujas  St.  Fond. 

Before  Bome  existed,  and  before  the  Hiad  was  composed, 
Egypt  had  its  Pyramids  and  its  Thebes ;  that  land  of  practical 
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science,  bordered  on  regions  of  the  earth  surpassed  by  none  for 
variety  in  the  forms  of  animal  life.  I  allude  to  Africa  within 
the  tropics.  Nearly  every  animal  susceptible  of  domes- 
tication and  useful  to  man  had  been  appropriated  by  the 
Coptic  race  of  Egypt  and  Nubia ;  whilst  all  the  wilde  of 
nature  had  in  succession  been  exhibited  to  the  nation  in 
various  triumphal  processions.  But  all  this  was  merely  prac- . 
tical  and  transitory.  It  was  the  same  with  Rome,  Eastern  and 
Western ;  no  science  resulted  from  it,  no  zoological  science,  at 
least;  and  the  dawn  of  civilization  which  re-opened  in  Europe 
after  the  dreadful  period  of  the  Dark  and  Middle  Ages, 
found  zoological  and  natural  science  precisely  where  it  was 
left  by  Pliny — ^a  tissue  of  puerilities,  of  vague  hypotheses,  of 
silly  fancies,  upon  which  no  critique  had  ever  been  exercised. 

Notwithstanding  the  occasional  appearance  of  able  men,  it 
continued  in  this  sad  state  until  the  close  of  the  seventeenth 
century.  Neither  zoology  nor  mineralogy  nor  geology  had 
any  real  existence. 

In  1707,  or  about  that  period,  two  men  appeared,  simulta- 
neously, destined  to  rescue  Zoology  at  last  from  the  degraded 
state  to  which  Pliny  and  his  imitators,  abounding  most 
in  EYigland,  had  reduced  it.  These  were  Carl  Linne  and  the 
Count  de  Buffon.  To  these  truly  great  men  we  owe  the  first 
attempt  to  remove  the  natural  sciences  from  the  control  of 
those  into  whose  hands  they  had  fallen.  The  genius  of 
Linnd  led  to  classification,  that  of  Buffon  to  description; 
the  one  defined,  the  other  described.  But  the  genius  of  the 
latter  was  of  a  higher  cast :  it  anticipated  the  future ;  and  men 
now  read  with  surprise  and  learn  with  astonishment  (a  sur- 
prise and  astonishment  in  which  I  do  not  partake)  that  Buffon 
was  no  mere  compiler,  no  mere  literary  man,  no  mere  writer 
destined  to  captivate  the  world  by  the  beauties  of  a  style  un- 
matched, I  believe,  in  France,  but  a  profound  philosopher, 
who  had  already  anticipated  nearly  all  the  great  truths  of  the 
transcendental  in  science.  But  neither  Buffon  nor  Linnd, 
whatever  might  have  been  the  profundity  of  their  views, 
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offered  any  demonstration  of  these  views.  This  is  what  the 
world  looks  for,  and  rightly  expects;  rigid  demonstration 
supported  the  Newtonian  hypothesis,  else  Newton  had  written 
in  vain.  Pallisset,  the  potter,  had  said  as  much  as  Bufibn,  hut, 
like  him,  he  had  offered  no  demonstration,  and  the  world 
looked  on  them  as  dreamers — dangerous  dreamers — of  whom 
the  less  notice  that  was  taken  the  hetter.  In  Britain,  espe- 
cially, Buffon's  works  appeared  stripped  of  all  their  lofty 
views,  disfigured,  and  degraded :  he  passed,  even  in  France, 
merely  as  the  naturalist  who  had  best  described  the  hot- 
blooded  quadrupeds,  as  certain  mammals  were  called  even  in 
my  days ;  the  bold  conjectures  of  Pallisset  and  of  Buffon 
seemed  about  to  disappear  for  ever  from  the  field  of  science. 
Goethe  had  failed  to  resuscitate  them  under  other  forms.  The 
geological  theories  of  Hutton  and  Play  fair  were  met  success- 
fully by  the  plausible  hypothesis  of  Werner ;  when  suddenly  a 
man  appeared,  destined  to  place  natural  science  for  ever  on  a 
basis  which,  if  not  so  fixed  as  the  Elements  of  Euclid,  will  at 
the  least  prove  as  enduring.  That  man  was  George  Ouvier,  a 
German,  bom  on  French  soil ;  an  anatomist.  This  wonderful 
man,  of  a  rigidly  demonstrative  turn  of  mind,  when  quite 
young,  but  well  educated,  bethought  hijn  of  investigating 
"  the  unknown"  in  Zoology  by  means  of  anatomical  research, 
the  only  way  in  which  it  could  be  inquired  into.  Linn^  and 
Buffon  had  described  and  defined  the  exterior :  "  I  will  inves- 
tigate," he  said,  "  the  interior :"  they  ought  to  correspond ; 
there  must  be  intimate  relations  between  them;  harmony;  ad- 
justments. Seemingly,  and  without  being  aware  of  it,  he  had 
discovered  a  new  element  of  research — descriptive  anatomy ; 
not  the  vague  comparative  anatomy  of  Perrault  or  Dauben- 
ton,  but  minute  descriptive  anatomy,  worthy  of  Hunter  and 
of  himself.  Yet  he  was  very  young,  and  knew  nothing  of 
Hunter,  and  but  little  of  Daubenton.  Genius  directed  his 
steps,  that  genius  which,  when  it  appears,  and  happily  escapes 
the  crushing  influences  "  of  established  socialisms,"  forms  its 
age.     Like  most  of  the  great  men  of  his  day  (products  of  the 
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French  Revolution),  he  had  outstripped  in  his  merest  youth 
the  age  he  lived  in,  and  rapidly  shot  beyond  that  which  wsis  to 
follow. 

Cuvier's  early  pursuits  were  the  rectification,  by  means  of 
anatomy,  of  the  classifications  of  Bufibn  and  Linnd ;  but  he 
quickly,  as  it  were  instinctively,  passed  beyond  this  com- 
paratively narrow  field  into  one  which  has  no  limits.  Whilst 
pursuing  his  inquiries  on  the  structure  of  the  invertebrate 
kingdom,  he  soon  saw  that  the  animal  forms  he  dissected  dif- 
fered specifically  and  generically  &om  those  fossil  forms  which 
lay  around  him.  Pallisset,  the  potter,  had  seen  the  same ; 
Bufibn  had  announced  the  fact:  they  were  declared  to  be 
dreamers.  Cuvier  ofiered  to  mankind  the  Ossemens  Fossiles  in 
Iproof  that  they  were  so,  and  from  that  moment  to  the  present 
day  few  have  bad  the  hardihood  to  deny  the  proof;  none  but 
those  who  regard  the  Newtonian  demonstration  as  an  idle, 
unprofitable  dream. 

The  importance  thus  given  to  zoological  studies  and  pur- 
suits by  the  application  of  the  anatomical  method  to  Zoo- 
logy, would  have  commenced  and  terminated  with  Cuvier,  but 
for  this  one  circumstance, — he  had  created  geology ;  that  last 
and  most  wonderful  science,  which  seems  to  have  no  limits.  He 
had  shown  that  without  a  knowledge  of  the  extinct  zoolo- 
gies there  can  be  no  geology,  properly  speaking ;  none  at 
least  likely  to  interest  man.  Now  this  extinct  Zoology  cannot 
be  well  understood,  if  at  all,  without  a  knowledge  of  the 
living  zoology,  thai  being  the  term  and  mean  of  comparison. 
Thus  was  Zoology  forced  at  last  into  the  schools,  universities, 
and  collegiate  institutions. 

The  necessity  for  this  was  first  seen  and  admitted  in  France, 
from  whence  it  naturally  was  imported  into  England,  where 
Cuvier  and  his  supposed  views  had  become  fashionable ;  the 
single  geologist  at  the  Board  of  Ordnance,  MacCuUough, 
was  slowly  replaced  by  a  body  of  scientific  men,  each  teach- 
ing a  difi^erQut  department  of  natural  science :  out  of  this  arose 
a  school  of^  practical  geology,  and  various  chairs  in  a  similar 
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direction  came  to  be  founded  in  collegiate  educational  institu- 
tions. The  illustrious  Sedgwick,  to  whom  geology  unques- 
tionably owes  its  present  position  in  Britain,  set  an  example 
in  Cambridge  which  cannot  be  too  much  praised  nor  too 
closely  followed. 

Thus  originated  the  gradual  introduction  of  zoological 
science  into  the  curriculum  of  study  for  university  honours 
demanded  of  all,  I  presume,  who  mean  to  follow  out  a  pro- 
fessional vocation  in  France:  England  follows.  The  little 
work  I  here  present  to  the  public  contains  the  best  outline 
ever  yet  published  of  such  studies ;  from  me  it  requires  no 
praise ;  its  intrinsic  merits  and  the  numerous  editions  it  has 
already  passed  through  constitute  its  best  recommendation  to 
the  English  reader. — R.  K. 
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ZOOLOGY. 


PRELIMINARY    IDEAS. 

§  1.  Object  and  Utility  of  Natural  History, — Natural 
History  is  that  science  which  treats  of  the  structure  of  bodies 
spread  over  the  surface  of  the  globe  or  forming  its  mass 
— ^the  phenomena  exhibited  by  these  bodies,  the  characters 
by  which  they  may  be  distinguished  from  each  other,  and 
the  part  they  play  in  the  entire  creation.  Its  range  is  im- 
mense, and  its  importance  is  not  inferior  to  its  extent.  Some, 
but  little  acquainted  with  science,  see  in  natural  history 
merely  a  collection  of  anecdotic  facts,  more  calculated  to 
excite  the  curiosity  than  to  exercise  the  understanding,  or 
a  dry  study  of  technical  terms  and  arbitrary  classifications. 
Such  an  opinion  is  based  on  ignorance;  and  the  utility  of 
the  study  of  natural  history  cannot  fail  to  be  recognised  by 
all  who  possess  even  the  preliminary  ideas  of  the  science. 
The  grand  and  harmonious  view  it  presents  of  Nature, 
whose  beau  ideal  is  so  much  superior  to  that  of  human 
invention,  tends  to  elevate  the  mind  to  lofty  and  sound 
thoughts.  The  knowledge  of  ourselves  and  of  surrounding 
objects  is  not  given  merely  to  satisfy  the  desire  for  learning 
which  develops  itself  always  according  as  the  intelligence  en- 
larges ;  it  forms  a  necessary  basis  to  many  other  studies,  and 
is  eminently  calculated  to  give  to  the  judgment  that  rectitude 
in  the  absence  of  which  the  most  brilliant  qualities  lose 
their  value,  and  in  the  course  of  life  lead  the  mind  astray. 
On  the  other  hand,  to  be  convinced  of  the  practical  importance 
of  the  natural  sciences,  we  have  only  to  look  to  geology  and 
mineralogy,  and  the  services  they  have  rendered  to  industry; 
to  botany,  and  to  the  myriads  of  beauteous  and  useful  plants 
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it  describes,  and  to  horticulture,  of  which  it  is  the  guide ;  to 
recollect  the  animals  to  which  we  owe  wool,  silk,  honey — 
which  lend  us  that  power  which  man  so  often  requires,  or 
which,  far  from  being  useful  to  us,  threaten  our  harvests  with 
destruction ;  lastly,  to  consider  the  long  catalogue  of  human 
infirmities,  and  to  reflect  on  the  dangerous  character  of  that 
medicine  which  is  not  based  on  a  scientific  knowledge  of  the 
human  structure.  But  the  utility  of  these  sciences  does  not 
stop  here ;  in  an  educational  point  of  view,  their  study  accus- 
toms the  mind  to  proceed  from  effect  to  cause,  testing  each 
hypothesis  by  an  appeal  to  facts.  Finally,  before  all  other 
studies,  that  of  natural  history  trains  the  mind  to  method, 
that  part  of  logic  without  which  all  investigation  is  laborious, 
every  exposition  obscure. 

In  claiming  for  natural  history  a  place  in  every  liberal 
system  of  education,  we  do  not  mean  that  all  young  men 
should  become  naturalists.  So  vast  a  study  and  the  time 
required  for  other  studies  forbid  such  an  idea ;  nor  would  the 
acquisition  of  the  details  on  which  natural  history  is  based  be 
of  any  service  to  the  young  mind :  all  that  is  necessary  is 
that  sound,  correct  notions  be  placed  before  the  student,  and 
acquired  by  him,  respecting  the  great  questions  to  solve  which 
is  the  object  of  natural  history  studies ;  on  the  constitution 
of  the  globe,  for  example,  and  the  physical  revolutions  which 
succeed  each  other  on  its  surface ;  on  the  nature  of  plants  and 
animals ;  on  the  mode  in  which  their  functions  are  exercised ; 
and  on  the  principal  modifications  of  their  structure,  accord- 
ing to  the  kind  of  life  for  which  they  are  destined.  This 
description  of  knowledge  once  acquired  is  seldom  forgotten ; 
it  forms  a  basis  for  the  special  studies  of  those  who  desire 
to  become  naturalists;  and  is  sufficient  for  those  whose  pur- 
suits do  not  lead  to  science.  The  University  {of  France)  in 
its  programme  sanctions  this  course  of  study,  and  enforces  it ; 
in  this  work  we  propose  adopting  it. 

§  2.  Division  of  Natural  Bodies  into  Three  Kingdoms. — 
All  natural  bodies,  whether  spread  over  the  surface  of  the 
globe  or  collected  in  the  interior  of  the  earth,  are  of  two 
kinds-T— mmeraZ  or  unorganized,  living  or  organized.  These 
last  are  subdivided  into  two  groups — vegetables  and  animals. 
Hence  has  arisen  the  expression  of  the  three  great  kingdoms 
of  nature — the  mineral,  vegetable,  and  animal.  In  com- 
mencing the  study  of  these  three  kingdoms,  it  is  necessary  to 
inquire,  in  the  first  place,  on  what  basis  these  divisions  rest, 
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and  to  inquire  into  the  fundamential  diiferences  which  distin- 
guish a  mineral  from  a  living  body,  a  plant  from  an  animal. 

§  3.  Differences  between  Mineral  or  Inorganic  Sub- 
stances and  Living  Beings. — These  differences  are  numerous 
and  striking ;  they  may  be  thus  summed  up.  They  differ  in 
their  origin,  mode  of  existence,  duration,  manner  of  decay  or 
destruction,  general  form,  intimate  structure,  and  elementary 
composition. 

§  4.  Thus,  as  to  the  mode  of  origin. — When  a  mineral 
body  is  formed,  it  springs  immediately  from  the  union  of 
two  or  more  substances,  which,  by  their  nature,  differ  essen- 
tially from  it,  and  which  combine  by  reason  of  the  chemical 
affinities  they  possess.  A  living  being,  on  the  contrary,  is 
never  thus  spontaneously  formed;  it  springs  from  one  re- 
sembling itself,  and  the  vitality  essential  to  its  formation  is 
transmitted  in  succession  from  an  uninterrupted  series  of 
individuals  resembling  each  other.  Two  substances,  in  no 
way  resembling  each  other,  chlorine  and  sodium,  for  example, 
by  their  union  form  common  salt,  independent  of  the  presence 
of  this  third  substance :  not  so  the  plant  or  animal ;  for  its 
formation  a  parent  is  necessar}'^,  that  is,  a  being  resembling 
it  and  preceding  it  in  point  of  time.  Such  beings,  then, 
require  for  their  formation  a  foreign  impulse,  and  this  they 
can  only  receive  from  a  parent. 

§  5.  As  respects  their  mod^  of  existence. — The  two  classes 
of  bodies  are  equally  distinct.  Rocks  and  minerals  remain 
internally  in  a  state  of  rest  or  repose ;  if  they  gain  any  addi- 
tional substance,  it  is  by  the  accretion  of  matter  similar  to 
them;  what  they  lose  is  accidental,  and  affects  them  not. 
Living  bodies,  on  the  contrary,  are  constantly  in  a  state  of 
composition  and  decomposition,  the  consequence  of  internal 
movements  in  their  structure.  All  is  in  motion.  Unceas- 
ingly they  incorporate  foreign  substances  or  molecules  with 
their  own,  and  give  out  to  the  external  world  particles  of  their 
own.  This  vortex,  or  whirlpool  as  it  were,  constitutes  what 
is  called  nutrition,  and  is  essential  to  life.  They  grow  by 
intv^STisception  and  not  hy  jiixtaposition,  like  minerals;  for 
the  molecules  by  which  they  increase  penetrate  into  the  in- 
terior of  organized  beings,  and  are  there  deposited. 

§  6.  At  length,  having  existed  for  a  certain  period,  the 
extreme  limit  of  which  is  definite  for  each  species,  the  living 
body  infallibly  perishes :  mineral  or  unorganized  bodies,  on 
the  contrary,  once  formed,  exist  until  destroyed  by  an  external 
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force ;  their  duration  is  not  limited ;  they  are  not  necessarily 
destructible :  but — ^I  repeat — all  that  lives  is  sure  to  perish ; 
and  thas,  were  it  not  for  the  faculty  of  reproduction ,  not 
bestowed  on  minerals,  life  under  every  form  would  soon  dis- 
appear from  the  earth. 

§  7.  As  regards  form  and  size,  or  volume,  we  find  that 
living  bodies  are  destined  to  acquire  a  certain  size  and  form, 
gradually  and  by  development,  which  they  did  not  possess  at 
birth.  The  form  has  no  geometrical  simplicity ;  with  mine- 
rals it  is  quite  otherwise.  The  smallest  fragment  of  marble 
is  as  much  marble  as  the  largest  mass  which  can  be  imagined; 
but  a  plant  or  animal  can  only  live  l)y  attaining  a  certain 
dimension,  beyond  which  it  -cannot  grow.  Neither  can  they 
be  divided  into  fragments,  like  minerals,  and  yet  exist  as  indt- 
viduals ;  SL  term  which  is  chiefly  applied  only  to  organized 
beings.  When  mutilated  beyond  a  certain  point,  they  cease 
to  exist. 

§  8.  The  intimate  structure  of  living  bodies  furnishes  other 
characters.  They  are  always  composed  of  fluids  and  solids, 
the  former  being  enclosed  in  cells  formed  by  plates,  laminae, 
or  filaments.  It  is  this  structure  to  which  the  name  of 
organization  has  been  given.  Nothing  of  the  kind  is  to  be 
seen  in  the  mineral  kingdom.  A  spongy  and  areolar  texture, 
into  which  liquids  may  readily  penetrate,  is,  then,  a  necessary 
condition  for  the  existence  of  life,  whether  animal  or  vege- 
table ;  and  hence  the  name  of  organized  beings,  as  opposed 
to  minerals,  which  receive  the  name  of  inorganic  bodies. 

§  9.  Lastly,  the  distinction  between  the  two  great  divisions 
of  natural  bodies,  the  organic  and  inorganic,  extends  even  to 
their  elementary  or  chemical  composition. 

A  mineral  body  may  be  formed  of  molecules  strictly  of  one 
kind,  as  sulphur  or  iron ;  or  may  result  from  the  union  of  two 
or  more  chemical  elements,  the  number  of  which  exceeds  fifty. 

With  living  beings  it  is  different :  their  chemical  composi- 
tion is  always  most  complex,  and  in  order  to  render  this  clear, 
the  constituent  elements  of  such  beings  have  been  arranged 
under  three  heads  or  classes.  1.  Those  which,  like  water 
and  various  salts,  present  nothing  peculiar,  and  belong  to 
the  inorganic  bodies.  2.  Organic  matters,  such  as  sugar, 
and  urea,  which  are  formed  under  the  influence  of  life. 
3.  The  plastic  and  viable  products,  as  albumen,  fibrin,  cellulose, 
which  possess  chemical  characters  of  high  importance.  Into  the 
composition  of  these  there  always  enter  three — sometimes  four 
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— elements,  namely,  carbon,  hydrogen,  oxygen,  and  azote  or 
nitrogen.  Such  bodies  decompose  rapidly  by  becoming  putrid 
when  exposed  for  a  certain  period  to  moisture  and  warmth. 
They  differ  also  from  the  others  in  respect  of  their  molecular 
constitution,  inasmuch  as  each  atom  of  an  organic  matter 
results  from  the  union  of  many  atoms  of  organized  matter, 
whilst  an  atom  of  a  mineral  body  results  from  the  union  of 
but  a  few.  An  atom  of  carbonic  acid,  for  example,  is  formed 
of  1  atom  of  carbon  united  to  2  atoms  of  oxygen ;  whilst  1 
atom  of  stearine  (a  kind  of  fat)  seems  to  contain  140  atoms 
of  carbon,  134  atoms  of  hydrogen,  and  5  atoms  of  oxygen. 

Now  these  organized  materials  form  the  basis  of  all  the 
living  parts  of  animals  and  plants,  whilst  the  inorganic  or 
mineral  play  only  a  secondary  part  in  the  economy  of  these 
beings.  Chemically,  then,  these  four  elements  characterize  all 
living  bodies,  nothing  similar  occurring  in  the  mineral 
kingdom. 

§  10.  Thus  living  bodies  differ  from  the  inorganic  by  their 
chemical  composition,  internal  structure,  general  contbrma- 
tioh,  mode  of  origin,  mode  of  existence,  and  manner  of  destruc- 
tion. But  to  characterize  them  briefly,  it  is  sufficient  to  say  that 
they  are  beings  which  are  nourished  and  reproducedy  these 
being  the  most  remarkable  of  vital  phenomena.  It  is  the  pre- 
sence of  life,  then,  which  especially  characterizes  plants  and 
animals,  of  which  the  simplest  expression  is  to  he  nourished, 
§  11.  Respecting  the  nature  of  Z^/c,  science  has  no  data ; 
but  as  in  physics  the  cause  of  heat  is,  as  it  were,  personified 
under  the  name  of  caloric,  so  in  physiology  a  special  force  is 
admitted  as  the  cause  of  phenomena  wholly  inexplicable  by 
the  ordinary  laws  of  physics ;  this  is  called,  the  vital  force. 
Even  its  laws  are  beyond  calculation,  and  we  can  only  traite 
some  of  the  circumstances  which  seem  essential  to  its  mani- 
festation. Thus,  by  desiccation,  life  is  suspended  in  certain 
animals  and  plants,  and  reappears  when  the  requisite  moisture 
has  been  supplied.  Another  condition  of  lile  is,  a  certain 
temperature  and  the  influence  of  the  air. 

§  12.  Organs. — Life  manifests  itself  through  the  medium 
or  by  means  of  organs  or  instruments,  more  or  less  numerous, 
constituting  the  body  of  the  animal  or  plant.  Between  the 
organs  and  the  functions  they  perform  there  is  a  necessary  co- 
relation  ;  the  muscles,  for  example,  are  the  immediate  instru- 
ments or  organs  of  motion ;  while  the  organs  of  sense  inform 
us  of  what  surrounds  us. 
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§  13.  JRelations  under  which  Living  Beings  are  Studied. 
— The  study  of  the  mode  of  conformation  of  the  organs  of  an 
animal  or  plant  is  called  anatomy  ;  the  study  of  their  func- 
tions, physiology.  Anatomy  is  the  science  of  structure ; 
phy.nology  the  science  of  life.  These  sciences  are  mutually 
dependent,  and  cannot  he  studied  apart  with  advantage.  A 
knowledge  of  mere  structure  is  unimportant,  unless  comhined 
with  a  knowledge  of  function. 

Anatomy  and  physiology  constitute  the  hasis  of  the  natural 
history  of  organized  beings ;  but  these  must  also  be  studied 
under  other  relations.  Hence  the  study  of  external  characters, 
in  order  to  distinguish  animals  and  plants  readily  and  with 
certainty  from  each  other.  Classification  also,  to  aid  the 
memory,  becomes  requisite.  The  distribution  also  of  animals 
and  plants  over  the  globe  is  a  matter  of  interest,  practically 
and  scientifically ;  while  the  laws  regulating  the  distribution, 
merit  careful  study.  The  same  remark  applies  to  the  uses 
man  makes  of  natural  objects.  Finally,  natural  history  is 
not  occupied  solely  with  what  now  exists  upon  the  globe ;  but 
by  the  examination  of  fossil  remains  endeavours  to  discover 
the  history  of  those  ancient  inhabitants  of  the  earth,  of  which 
so  many  existed  before  man  himself. 

These  varied  studies  naturally  divide  themselves  into  two 
branches :  the  study  of  plants  is  called  botany ;  zoology 
means  the  history  of  the  animal  kingdom. 

GENERAL  CHAEACTER8  OF  ANIMALS. 

§  14.  Differences  between  Animals  and  Plants. — In  the 
immense  majority  of  cases,  nothing  is  easier  than  to  dis- 
tinguish an  animal  from  a  plant;  yet  occasionally  this  is 
difficult,  in  consequence  of  the  great  simplicity  of  structure  in 
some  animals.  This  uncertainty,  after  all,  may  belong  rather 
to  the  imperfection  of  our  knowledge  than  to  the  nature  of 
things ;  and  thus  it  may  be  said  generally,  without  dwelling 
more  on  this  subject,  that  animals  differ  from  plants  by  cha- 
racters of  high  importance,  drawn  from  the  nature  of  the 
phenomena  connected  with  their  mode  of  life,  from  their 
structural  arrangements,  and  from  the  chemical  composition 
of  the  principal  constituent  matters  of  their  bodies 

§  15.  Vegetable  life  seems  mainly  occupied  with  the  nutri- 
tion of  the  individual,  and  the  reproduction  of  others  resem- 
bling it.      Vegetables  are   inanimate,  animals — animated 
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beings.  Animals  perceive,  reflect,  act  spontaneously  or  by 
their  own  will;  nothing  of  the  kind,  properly  speaking, 
exists  in  plants.  Thus  vegetables  neither  feel  nor  move; 
animals  feel  and  move.  Differences  also  exist  in  the  manner 
in  which  the  same  functions  are  carried  on  in  the  two  classes 
of  beings ;  these  remain  with  more  propriety  to  be  considered 
afterwards. 

§  16.  The  faculties  of  animals  being  more  complex  than 
those  of  plants,  necessitate  a  greater  complexity  of  organs. 
These  organs  differ  also  in  their  intimate  structure ;  the  tissues 
in  the  vegetable  affect  a  cellular  or  utriculose  character,  cells 
provided  with  proper  walls  and  cavities ;  in  animals,  the  tissues 
are  composed  of  little  plates  or  laminae,  which  intersect  each 
other  in  such  a  way  as  to  circumscribe  imperfect  lacunae, 
and  thus  to  constitute  masses  or  membranes,  more  or  less 
spongy,  but  not  divided  into  a  number  of  utricules  or  cells, 
independent  of  each  other,  as  in  vegetables.  Often,  it  is  true, 
the  animal  tissue  whilst  being  developed  is  seen  to  be  com- 
posed of  little  bags  (utricules) ;  but  this  structure,  which  is 
permanent  in  plants,  is  genersdly  but  transitory  in  animals, 
and  is  persistent  only  in  a  small  number  of  organs,  as,  for 
example,  in  the  glands  and  epidermic  membranes. 

§  17.  Finally,  the  organized  matters  which  form  the  basis 
of  plants  are  composed  of  carbon,  hydrogen,  and  oxygen  only. 
To  these  in  animals  nitrogen  is  added.  Allowing,  however, 
that  there  exists  in  plants  azotized  matters,  and  in  animals 
compounds  which  are  not  azotized ;  still  the  organized  matters 
essential  to  the  constitution  of  the  living  organs,  offer  in  the 
two  kingdoms  the  chemical  composition  we  have  just  in- 
dicated. 

OF  THE  OBGANIC  TISSUES  OF  ANIMALS,  AND  OF 

THEIB  OBOANS. 

§  18.  Different  elementary  substances,  but  chiefly  carbon, 
hydrogen,  oxygen,  nitrogen,  combine  to  produce  the  materials 
of  which  animal  bodies  are  composed.  Amongst  these  materials 
or  matters,  some  are  called  organized  or  plastic,  and  form 
the  essential  basis  of  all  the  solid  parts  animated  by  the  vital 
movement.  These  plastic  materials  are  less  varied  than  might 
be  at  first  supposed ;  for  in  all  animals  the  basis  {frame)  of 
the  living  parts  appears  to  be  composed  of  a  substance  called 
albumen,  or  oi fibrin — which  probably  is  but  albumen  slightly 
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modified.  The  solids  also  resemble  each  other  in  having 
water  as  a  constituent  part,  to  the  presence  of  which  they,  no 
doubt,  owe  their  flexibility,  softness,  and  other  physical  pro- 
perties essential  for  the  due  performance  of  their  functions. 
But  the  mode  of  texture  of  the  solids  thus  constituted  varies 
much,  and  the  name  of  organic  tissues  has  been  given  to 
those  parts  which  in  their  turn  reunite  to  form  the  organs. 

§  19.  The  principal  organic  tissues  of  animals  are  four : 
the  muscular,  nervous,  cellular,  and  utricular. 

The  muscular  tissue  forms  what  is  commonly  called  the 
fiesh;  it  is  the  producing  agent  of  all  motion,  and  is  com- 
posed of  fibres,  susceptible  of  contracting  or  of  being  short- 
ened. These  fibres,  wherever  placed,  may  always  be  distin- 
guished by  their  contractile  w-culty,  and  are  always  found 
where  motion  is  performed. 

The  nervous  tissue  is  soft,  and  generally  whitish ;  it  forms 
the  brain  and  nerves;  it  is  the  seat  of  sensation. 

The  connective  or  cellular  tissue,  also  named  areolar  or 
spongy,  is,  of  all  the  constituent  materials  of  the  body,  the 
most  abundant.  In  some  of  the  more  simple  animals  it  seems 
to  form  the  whole  body ;  in  those  more  highly  organized  it 
connects  and  yet  insulates  all  the  organs,  entering  largely  into 
their  composition,  and  being  modified  in  a  variety  of  ways,  it 
forms  membranes  arid  a  number  of  other  tissues ;  in  its  sub- 
stance the  fat  is  always  deposited.  It  is  a  whitish  substance, 
elastic,  semi-transparent,  composed  of  filaments  variously 
interlaced,  and  of,  small  lamellae,  more  or  less  consistent,  and 
irregularly  united,  so  as  to  leave  between  them  cells  or  la- 
cunae of  variable  size.  But  the  walls  of  these  cells  are  incom- 
plete, and  thus  permit  fluids  (or  air)  to  pass  freely  from  one 
to  another;  these  cells  are  moistened  with  a  watery  and 
slightly  albuminous  liquid,  called  serosity. 

The  utricular  tissue  is  composed  of  little  cells  or  bladders, 
with  distinct  walls,  fflued  to  each  other,  either  directly  or  by 
means  of  an  amorphous  organic  matter;  sometimes  these 
vesicles  are  rounded,  and  filled  with  some  particular  substance, 
as  fat,  for  example ;  at  other  times  they  are  found  flattened 
and  dried  up,  so  as  to  form  lamellae,  as  may  be  seen  on  the 
surface  of  the  skin. 

Anatomists  describe  other  tissues  as  entering  into  the  com- 
position of  animal  bodies,  such  as  the  serous  and  mucous 
membranes,  the  different  varieties  of  the  fibrous  tissues,  the 
cartilages,  the  osseous  tissue,  &c. ;  but,  according  to  all  ap- 
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pearance,  thesdfvaried  tissues  are  only  modifications  of  the 
utricular  or  connective. 

§  20.  These  tissues,  differently  combined,  and  affecting  a 
variety  of  forms,  constitute  the  different  organs  by  which  the 
faculties  of.  animals  are  exercised.  The  term  apparatus  is 
applied  to  an  assemblage  of  these  organs, <uid  that  o^  function 
to  the  action  of  a  single  organ  or  of  many.  The  apparatus  of 
locomotion,  for  example,  means  the  assemblage  of  organs, 
whatever  they  be,  required  for  the  function  of  locomotion — or 
motion  from  place  to  place.  The  structure  of  animals  varies, 
then,  with  their  faculties  and  mode  of  life ;  and  generally  it 
may  be  said,  that  the  ihore  varied  the  functions  are  in  any 
animal,  the  more  complex  will  be  its  structure. 

CLASSIFICATION   OF   THE   FUNCTIONS   OF   ANIMALS. 

§  21.  The  functions  of  animals  have  a  relation  to  two 
objects, — namely,  1.  The  conservation  or  preservation  of  the 
individual ;  2.  The  conservation  of  the  race.  Of  the  former, 
some  have  reference  chiefly  to  the  support  and  nourishment 
of  the  body ;  others  place  the  individual  in  relation  to  sur- 
rounding objects.  Hence  the  division  of  the  functions  into 
three  great  classes, — ^those  of  nutrition,  relation,  and  repro- 
duction. The  first  and  last  of  these  collectively  have  been 
called  vegetative  life:  the  functions  of  relation,  physiologists 
are  agreed  to  call  animal  life,  as  being  peculiarly  the  attri- 
butes of  animals;  nutrition  and  reproduction  are  functions 
which  animals  have  in  common  with  plants. 

Each  of  these  gi'eat  physiological  divisions  is  subdivided  in 
its  turn  into  several  others,  all  tending  towards  one  end; 
thus,  the  nutrition  of  an  animal  is  accomplished  only  by  the 
aid  of  several  functions,  such  as  digestion,  circulation,  respi- 
ration, &c. :  digestion,  in  its  turn,  resolves  itself  into  masti- 
cation, insalivation,  deglutition,  the  transformation  of  the 
food  into  chyme,  the  extraction  of  the  chyle  contained  in 
the  chyme,  the  absorption  of  this  chyle,  and  the  expulsion 
from  the  body  of  the  residue  of  the  aliment ;  finally,  these 
veiT  acts  of  mastication,  deglutition,  &c.,  are  all  the  results 
of  divers  phenomena  dependent  on  various  organs  and  func- 
tions. 

§  22.  The  utmost  variety  prevails  in  the  organization  of  dif- 
ferent animals.  In  some,  the  functions  are  simple ;  and  this 
implies  a  harmonious  simplicity  of  the  organs.   In  others,  com- 


10 


ZOOLOGY. 


plexity  is  the  law.  Between  the  mode  of  eilistence  and  the 
mode  of  organization  of  each  heing,  there  is  the  most  admirable 
accord.  The  proofs  will.be  given  in  a  future  part  of  this  work. 
The  history  of  the  functions  of  animals  will  now  engage 
our  attention,  and  first,  of  the  function  of  nutrition. 


t 


Diagram  taken  from  the  "Text  Book  of  Physiology,"  by  Valentin,* 
intended  to  show  that  every  part  of  an  organ  is  a  mass  whict  is  traversed  by 
interstices  in  all  directions.  If  a  liquid  body  presses  on  c,  while  an  elastic  one 
is  present  at  rf,  it  also  renders  them  capable  of  serving  as  a  filter. — R.  K. 


*  "  A  Text  Book  of   Physiology."      By  Valentin. 
Brinton.    H.  Renshaw,  Strand. 


Translated  by  Dr. 
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HISTOEY 


OF   THE 


PEINCIPAL  FUNCTIONS  OF  ANIMALS. 


I.— OF  THE  FUNCTION  OF  NUTRITION. 

§  23.  The  nutrition  of  living  beings  consists  in  the  intro- 
duction of  foreign  matters  into  the  interior  of  the  tissues,  and 
the  fixation,  assimilation,  and  organization  of  the  matters 
so  introduced.  Every  living  animal  is  also  the  seat  of  a  kind 
of  slow  combustion,  causing  the  unceasing  destruction  of  a 
certain  quantity  of  organic  matter.  The  matter  thus  de- 
stroyed, being  useless  or  even  hurtful  to  the  economy,  is 
expelled  from  it. 

It  is  evident,  then,  that  the  first  condition  necessary  for 
the  due  performance  of  this  molecular  composition  and  de- 
composition, is.  the  faculty  of  absorption ^  by  which  the 
molecules  are  attracted  and  introduced  into  the  centre  of  the 
tissues.     It  is  a  function  common  to  all  living  beings. 

§  24.  In  plants,  this  single  faculty  suffices  for  the  intro- 
duction from  without  of  all  matters  requisite  for  their 
nourishment.  With  animals,  a  portion  only  is  directly  intro- 
duced into  the  tissues ;  but  a  great  portion  requires  being 
elaborated  by  a  process  called  digestion,  by  which  the  nutrient 
molectdes  are  fitted  for  absorption.  This  faculty  of  digestion 
forms  one  of  the  characters  which  best  distinguish  animals 
from  plants. 

§  25.  The  liquids  thus  absorbed  spread  wherever  they  are 
required,  the  distribution  being  in  some  effected  slowly,  in  a 
way  analogous  to  the  absorption.  In  others,  by  far  the  most 
numerous,  the. distribution  of  the  nutrient  liquids  is  accom- 
plished rapidly  by  the  establishment  of  currents,  which  serve 
also  to  remove  the  molecules  eliminated  from  the  organs. 
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Thus  originates  another  function,  the  circulation  of  the 
blood,  and  another  apparatus  of  ors^ans  by  which  this  is 
performed. 

§  26.  We  have  alluded  to  a  kind  of  slow  combustion  which 
takes  place  in  the  interior  of  animal  bodies.  This  is  effected 
by  means  of  the  oxygen  of  the  atmosphere  which  is  unceas- 
ingly absorbed  by  means  of  respiration ;  and  it  is  by  the 
same  function  of  respiration  that  animals  get  quit  of  the 
matters  thus  consumed. 

§  27.  The  products  of  the  respiratory  combustion,  as  well 
as  the  matters  eliminated  from  the  tissues,  and  which,  having 
become  as  it  were  forei^  to  the  economy,  require  to  be  re- 
moved from  it,  give  rise,  by  this  necessity,  to  a  function  the 
opposite  of  absorption — that  of  excretion.  The  character  of 
this  process  varies  according  to  circumstances.  It  is  called 
exhalation,  when  the  liquids  escape  as  it  were  mechanically ; 
secretion,  when  particular  liquids  whose  nature  differs  from 
the  nourishing  fluid  are  formed  by  a  kind  of  chemical 
action.  By  these  two  ways  the  economy  elaborates  the 
particular  juices  necessary  for  the  exercise  of  all  the  func- 
tions, whilst  at  the  same  time  it  expels  all  that  is  useless  or 
injurious  to  it. 

§  28.  The  creation  of  the  living  matter  destined  to  augment 
the  mass  of  the  tissues  or  to  replace  the  parts  which  have 
been  destroyed,  is  a  process  or  work  which  the  physiologist 
ought  not  to  confound  with  any  of  the  preceding  phenomena ; 
it  is  the  act  by  which  the  organism  fixes  in  its  interior  a 
foreign  matter,  organizes  this  matter,  and  develops  in  it 
vital  properties.     The  function  is  called  assimilation. 

Thus  the  functions  of  nutrition  consist  essentially  of  ab- 
sorption, digestion,  circulation,  respiration,  exhalation,  secre- 
tion, and  assimilation.  We  shall  now  consider  these  great 
acts  of  vegetative  life. 

OF  ABSOEPTION. 

§  29.  By  absorption  is  meant  the  act  or  faculty  by  which 
animals  suck  up  and  imbibe,  as  it  were,  into  the  mass  of  their 
humours  the  substances  which  surround  them,  or  which  are 
deposited  in  the  interior  of  their  bodies. 

The  existence  of  such  a  faculty  may  be  very  readily  proved. 
Plunge  a  frog  into  water,  in  such  a  way,  however,  that  none 
can  enter  by  the  mouth ;  notwithstanding,  the  weight  of  the 
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animal  after  a  time  is  sensibly  increased.  Now  this  increase, 
which  under  favourable  circumstances  may  reach  a  third  of 
the  weight  of  the  animal,  can  depend  only  on  the  absorption 
of  water  by  the  surface  of  the  body. 

If  water  be  introduced  into  the  stomach  of  a  living  dog, 
and  the  entrance  to  and  exit  from  the  organ  be  secured  with 
ligatures,  still  the  liquid  will  disappear,  absorbed  by  the  walls 
of  the  stomach,  and  so  mingle  with  the  blood ;  and  yet  there 
exist  neither  in  the  stomach  nor  external  integuments  any 
pores  leading  directly  to  the  vessels  containing  the  blood. 
The  pores  observable  on  the  skin  lead  merely  to  little  cavities 
intended  to  secrete  various  humours  or  to  form  the  hairs. 
Thus  the  tissues  forming  these  organs  (the  skin  and  stomach) 
are  permeable  to  liquids,  and  this  is  the  case  with  all  the 
other  structures  of  the  body. 

In  fact,  in  living  as  well  as  in  dead  bodies,  the  tissues 
uniformly  imbibe  surrounding  fluids,  and  are  traversed  by 
them  with  more  or  less  facility. 

§  30.  Mechanism  of  Absorption, — It  is  on  the  permea- 
bility of  the  solid  parts  of  animal  bodies  that  the  function  of 
absorption  depends.  The  penetration  of  fluids  into  the  interior 
depends  on  a  peculiar  force  or  power  acting  on  them.  Capil- 
lary attraction  contributes  powerfully  to  effect  this  penetra- 
tion of  external  liquids,  but  it  is  not  the  only  force  or  power 
causing  this  phenomenon ;  another  was  discovered  a  few  years 
ago  by  Dutrochet,  and  called  by  him  endosmose.  If,  into  a 
little  membranous  sac,  surmounted  by  a  tube,  water,  holding 
gum  in  solution,  be  poured,  and  the  apparatus  be  then  placed 
in  pure  water,  as  in  Fig.  1,  the  water  will  be  found  to  rise  in 
the  tube  to  a  considerable  height.  Here  is  then  an  evident 
absorption  of  water  through  the  walls  of  the  sac.  Next 
reverse  the  experiment,  by  filling  the  sac  with  pure  water, 
and  placing  the  apparatus  in  gum-water,  and  the  sac  will 
empty  itself  instead  of  absorbing  more,  the  pure  water  pass- 
ing through  its  walls  in  the  inverse  direction.  Now  this 
phenomenon  has  the  greatest  analogy  with  what  takes  place 
in  living  bodies,  and  partly  explains  it ;  for  the  purer  liquids 
from  without  pass  readily  through  the  spongy  tissues  of 
animal  bodies,  whilst  the  denser  material  within  passes  with 
more  difficulty  in  the  opposite  direction.  Hence  the  accumu- 
lation within,  which  could  not  take  place  if  both  passed  with 
equal  facility,  and  established  an  equilibrium.  Such  an  equi- 
librium is  prevented  by  the  union  of  the  purer  liquid  with  the 


14 


ZOOLOGY. 


denser  liquid  within  the  memhranous  sac  in  the  one  case,  and 
within  the  animal  hody  in  the  other.  Hence  the  elevation  of 
the  gum-water  in  the  tube,  and  the  increase  of  weight  in  the 
living  animal,  both  being  due  to  one  cause,  namely,  endos' 
mose. 

§  31.  Organized  bodies  are  represented 
by  the  sac  as  seen  in  Fig.  1.  They  are 
placed  in  a  surrounding  medium  more  fluid 
than  that  existing  in  their  interior.  Hence 
they  absorb.* 

§  32.  Organs  of  Absorption — In  cer- 
tain animals  low  in  the  scale  of  life, 
absorption  consists  merely  in  the  process 
we  have  just  described.  In  these  animals 
there  exists  no  regular  circulation  in  the 
interior  ■  of  their  bodies ;  but  in  the  higher 
classes  of  animals  the  function  is  more  com- 
plex. The  fluids  imbibed,  as  described 
above,  pass  into  the  interior  of  the  vessels, 
and  there  mingle  with  the  nourishing  fluids 
of  the  animal,  and  thus  mingled  and  united 
they  pass  with  the  blood  to  certain  parts  of 
the  economy,  wherever,  indeed,  that  pene- 
trates. Thus  the  function  of  absorption  be- 
comes divided  as  it  were  into  two  acts ;  the 
first,  simply  the  act  of  imbibition  through 
the  tissues ;  the  second,  that  of  circulation 
through  the  interior  of  the  animal. 

^  §  33.  In  all  animals  the  principal  agent  for  this  trans- 
portation of  the  matters  absorbed,  to  various  parts  of  the 
body,  is  the  blood,  acted  on  by  the  heart,  to  which  the 
liquids  are  conveyed  by  the  veins ;  and  thus  it  happens  that 
in  the  great  majority  of  cases  these  vessels  play  an  important 
part  in  the  function  of  absorption. 

§  34.  In  many  animals  there  exist  only  sanguiferous  ves- 
sels, and  the  function  is  performed  by  them  alone.  In  others 
however,  and  especially  the  more   highly  organized,  there 

*  The  passage  of  liquids  through  various  membranous  coverings  is  a 
complex  subject,  still  open  to  inquiry.  Thus,  if  spirits  of  turpentine  be 
enclosed  in  a  glass  jar,  as  in  the  setting  up  of  anatomical  preparations  in 
the  usual  way,  by  means  of  several  layers  of  bladder,  tin-foil,  &c.,  it  will  in 
time  escape,  ana,  covering  the  exterior  of  the  glass,  obscure  the  object 
within.  If,  on  the  other  hand,  only  a  single  layer  of  bladder  be  used,  none 
of  the  turpentine  will  escape.  This  curious  fact  was  accidentally  discovered 
by  my  brother. — R.  K. 
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exiits  another  order  of  vessels,  destined  to  absorb  certain 
substances.    These  are  called  lymphatics,  and  thej  constitute 
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flture— B.  K, 


16  ZOOLOGY. 

a  system  of  vessels  to  wLich  the  name  of  absorbents  is  more 
especially  given. 

They  originate  in  extremely  fine  tubes  or  roots  in  the 
animal  tissues,  and  collecting  into  larger  vessels,  ultimately 
terminate  in  the  veins.  Their  walls  {jparietes)  are  extremely 
fine,  and  they  frequently  communicate  with  each  other.  The 
point  of  union  is  called  an  anastomosis.  In  man  and  in  the 
mammalia  they  exist  almost  everywhere  throughout  the  body, 
and  they  terminate  at  last  in  a  single  trunk,  the  thoracic 
canal  (Fig.  2),  which,  commencing  in  the  abdomen,  passes 
through  the  thorax,  to  terminate  finally  in  the  left  subclavian 
vein.  But  others  pass  into  veins  in  their  course,  and  many 
on  the  right  side  unite  to  form  a  short  trunk  which  enters 
the  right  subclavian  vein.  In  their  course,  the  lymphatics 
pass  through  small  rounded  bodies,  called  lymphatic  glands. 
The  use  of  these  is  altogether  unknown.  These  so-called 
glands  abound  in  the  axillae,  the  groins,  and  in  the  cavities  of 
the  chest  and  abdomen,  the  neck,  &c.  (Fig.  26).  Moreover, 
in  the  interior  of  these  vessels  there  exist  numerous  valves, 
which  pennit  the  contents  to  circulate  only  in  one  direction, 
that  is,  towards  the  heart. 

These  vessels  have  been  proved  to  exist  in  mammals,  birds, 
reptiles,  and  fishes.  In  some  reptiles  and  batrachia  they  are 
even  more  complex  than  in  the  higher  animals,  having  con- 
nected with  them  contractile  reservoirs,  which  pulsate  or 
contract  like  hearts,  and  may  be  so  regarded. 

§  35.  The  liquid  they  contain  is  called  lymph.  When  not 
mingled  with  the  products  of  digestion,  it  is  slightly  yel- 
lowish, and  transparent.  Examined  by  means  of  the  micro- 
scope, spherical  colourless  globules  are  discovered  in  the 
lymph,  smaller  than  those  found  in  the  blood ;  left  to  itself 
it  coagulates,  but  less  strongly  like  the  blood.  Its  composi- 
tion, as  shown  by  chemical  analysis,  is  water,  albumen,  fibrin, 
and  various  salts. 

Little  is  known  of  the  movements  of  the  lymph  in  the 
vessels.  It  ascends  in  the  thoracic  duct  with  considerable 
fotce,  and  always  in  one  direction. 

§  36.  Absorption  by  means  of  these  vessels  in  certain 
organs  may  be  readily  demonstrated  by  observation  on  living 
animals.  Lay  open  the  cavity  of  the  abdomen  in  an  animal 
when  digestion  is  going  on,  and  the  lacteals  will  be  seen  filled 
with  a  milky-looking  fluid,  the  chyle ;  hence  this  portion  of 
the  lymphatic  system  has  been  called  lacteal.     In  an  animal 
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fasting,  this  fluid  not  being  present,  these  vessels  are  colour- 
less. 

Absorption  by  the  veins  may  also  be  demonstrated  in  the 
same  way,  that  is,  by  experiments  on  living  animals. 

§  37.  Circumstances  influencing  Absorption, — The  first 
condition  essential  to  absorption  is  the  permeability  of  the 
tissue  interposed  between  the  substance  to  be  absorbed^and 
the  liquids  which  form  the  means  of  transport  to  its  destina- 
tion ;  so  that,  cateris  paribus,  absorption  is  rapid  in  the  direct 
ratio  of  the  sponginess  and  softness  of  the  tissue.  It  may 
also  be  laid  down  as  a  principle,  that  absorption  is  rapid  in 
a  direct  ratio  to  the  vascularity  of  the  tissue.  As  absorp- 
tion is  mostly  eflected  by  the  veins,  the  abundance  of  these 
influences  necessarily  the  Amction.  Thus,  anatomically,  may 
almost  be  predicated  the  enormous  difierences  in  the  rapidity 
with  which  various  substances  are  absorbed  by  different 
tissues.  Of  the  lun^,  for  example,  pre-eminently  so  spongy 
and  vascular,  it  might  be  predicted  that  absorption  would  in 
them  be  most  rapid ;  and  this  is  in  fact  the  case. 

The  cellular  tissue,  forming  the  basis  and  connecting 
medium  of  most  of  the  organs,  is  also,  by  its  soft  and  spongy 
nature,  the  seat  of  rapid  absorption,  but  less  so  than  the  lungs 
as  being  much  less  vascular. 

The  skin,  on  the  other  hand,  being  but  little  vascular,  and 
being  at  the  same  time  covered  by  the  almost  impermeable 
epidermis  or  sca/rf-skin,  explains  why  we  can  handle  dan- 
gerous poisons  with  safety,  so  long  as  the  epidermis  is 
unbroken. 

A  state  of  plethora  (from  ttX^^o),  I  fill)  exercises  an  in- 
fluence over  the  rapidity  of  absorption.  The  quantity  of 
liquids  an  animal  body  may  contain  is  limited,  and  desiccation 
also  has  its  limits.  The  nearer  the  animal  may  be  to  the 
point  of  plethora  or  saturation,  the  less  will  it  absorb. 

Thus,  poison  administered  to  two  living  dogs  will  influence 
the  one  in  a  state  of  plethora  much  more  slowly  than  the 
other  which  has  been  previously  reduced  by  a  copious  bleed- 
ing ;  and  finally,  cateris  paribus,  absorption  will  be  less  rapid 
as  the  liquids  to  be  absorbed  are  less  liquid  and  less  fitted  to 
moisten  the  tissues. 

OF   DIGESTION. 

§  38.  One  of  the  principal  means  by  which  the  absorp- 
tion of  the  matters  necessary  for  the  nutrition  of  animals 
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is  effected,  is  a  cavity  communicating  with  the  exterior,  and 
into  which  the  food  is  introduced. 

§  39.  Aliments. — ^We  restrict  the  meaning  of  this  term, 
for  the  sake  of  clearness,  to  those  suhstances  which,  being 
introduced  into  the  stomach,  ai*e  absorbed  only  after  being 
digested.  It  is  needless  to  remark  that  food  and  air  are 
essential  to  the  support  of  life. 

The  want  of  food  is  indicated  by  the  painful  sensation  we 
call  hunger;  its  seat  is  in  the  stomach.  This  want  and  its 
sensation  may  be  diminished  and  kept  off  by  rest,  sleep,  and 
by  whatever  retards  the  vital  movements.  On  the  contrary, 
it  is  increased  by  activity,  fresh  air,  and  by  the  use  of  bitters. 
Hybernating  animals,  which  sleep  during  winter,  eat  not,  so 
long  as  the  lethargy  continues ;  and  cold-blooded  animals,  as 
fishes  and  frogs,  can  live  in  despite  of  a  long-continued  absti- 
nence. But  man  and  other  hot-blooded  animals — and  more 
especially,  for  an  obvious  reason,  the  young — ^perish  speedily 
when  food,  is  withheld,  even  for  a  comparatively  short  time. 
In  Dante's  celebrated  episode  of  the  destruction  of  the  Ugolini 
family  by  starvation,  the  youngest  perished  first. 

All  alimentary  substances  are  mmished  by  the  organic 
kingdoms — animal  and  vegetable;  whatever  be  their  origin, 
they  may  be  divided  into  azotized  elements,  amylaceous  or 
sweet,  and  fatty  bodies.  These  substances  differ  in  their  nu- 
trient qualities;  and  it  is  a  fact,  proved  by  many  curious 
experiments,  that  a  certain  number  of  different  substances  is 
essential  for  the  support  of  life. 

Thus,  rabbits  fed  upon  onlj  one  article  of  food,  as  hay, 
wheat,  cabbage,  carrots,  &c.,  die  in  about  fifteen  days ;  whilst 
fed  on  these  articles  combined  or  given  in  succession,  they 
live  and  thrive. 

A  hygienic  law,  then,  is,  the  diversity  and  variety  in  respect 
of  food ;  and  experience  and  experiment  agree  as  to  this. 

It  has  been  proved  experimentally,  that  substances  (such 
as  sugar,  oil,  gum,  fat)  devoid  of  azote  do  not  nourish, 
however  much  they  may  be  varied.  The  use  of  a  certain 
number  of  substances,  such  as  the  muscular  flesh — albu- 
men and  the  gluten  found  in  wheat,  seems  essential  to  the 
support  of  life. 

§  40.  Digestive  Apparatus. — The  object  of  digestion  is, 
1st,  to  separate  the  nutrient  part  of  the  aliment  from  the  non- 
nutrient  (fieces) ;  2rtd,  to  convert  the  nutrient  part  into  a  liquid 
fit  to  mingle  with  the  blood,  and  thus  to  nourish  the  body. 
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This  elaboration  of  the  food  takes  placn,  in  animale,  ia  a 
cavity  more  or  less  ample,  communicating  with  the  exterior, 
and  into  which  the  food  ia  received,  and  from  which  the  noD- 
nntrient  portions  are  espelled.  V^etables  require  uo  such 
apparatua.  The  cavity  to  which  we  allnde  is  called  the 
aiffeitive. 

§  41.  In  certain  animals 
the  digestive  cavity  is  simply 
a  pouch,  having  but  a  single 
entrance  by  which  the  food 
is  received  and  the  non-nu- 
trient portion  is  eipelled 
(Pig.  3,  a);andthisarrange-  a 
ment  prevails  in  most  of  uie 
polyps,  ast«riie  or  sea-stars ; 
and  many  other  animals 
more  complex  in  their  struc- 
tures also  show  this  arrange- 
ment. Sut,  for  the  most 
part,  the  digestive  tube  or 
canal  has  two  openings — an 
entrance  for  the  iood,  and  an 
exit  for  the  non -nutrient 
port,    the    mouth    and    the 

The  alimentary  canal  thus        ,,„„,  -_   . 

lorms  a  tube,  dilated   at  in-  Polyp, 

tervals,  and  with  two  open- 
ings (Fig.  4).  The  more  important  of  these  dilatations  is 
called  the  atomaeh.  This  cavity  is  sometimes  single,  as  in 
the  camivora ;  sometimes  quadruple,  or  at  least  complex,  as 
in  the  herbivora;  and  the  reason  assigned  for  such  a  com- 
plexity is,  that  vegetable  food,  being  less  eaaj'  of  digestion, 
requires  a  longer  tiojoum  in  the  stomachal  cavities.* 

§  42.  A  membrane,  ailed  macoa*,  lines  the  digestive  cavity 
throughout.  It  is  analogous  to  the  skin,  with  which  it  is 
continuous,  but  differs  in  structure.  It  is  much  softer,  and 
in  place  of  an  epidermis  is  protected  on  its  exposed  suriace  by 
a  reticular  tissue,  soft  and  tur^d,  called  epitkelium. 
Finally,  it  is  more  vascular  than  the  other,  and  abounds  with 

'  The  stomach  ia  prDbsblr  tingle  io  aJI  uiiifitlB,  being  Bimplj  subdiridf  d 
in  Bomfi  inlo  diff^KDt  coiaparlmentfl.  la  ivli^M,  uiod^  strictly  c«r- 
nivoroiu  muinali,  the  stoEOBch  is  extremeij  complex. — R.  E. 


20 

aecretin^  pores.  Externally,  it  possesses  a  muscular  tunic 
intended  to  act  on  tbe  contents  of  the  tube.  A  serous  mem- 
brane, large  and  translucent  like  all  serous  meinbranes,  invests 
it  externally  in  the  abdomen,  serving  to  fix  it  in  its  pluca,  and 
to  facilitate  its  movements. 

§  43.  The  digestion  of  the  food  is  effected  mainly  by  the 
action  of  different  humours,  which  the  food  imbilses  whilst 
passing  through  the  alimentary  canal.     These  humours  ai'e 


chiefly  the  secretions  from  certain  bodies,  called  glands,  situ- 
ated around  the  digestive  tube,  and  destined  to  pour  into  its 
cavity  various  liquids  or  secretions.  The  nnmW  of-these 
secreting  oi^ans  varies  in  different  animals,  but  generally 
they  are  sutHciently  numerous.  The  more  important  ai'e  the 
salivary  and  gastric  glands,  the  liver  and  the  pancreas. 

§  44.  Finally,  to  iacilitate  the  action  of  the  digestive  juices 
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on  the  food,  it  is  useful  to  divide  it  mechanically.  To  effect 
this,  hature  employs,  as  is  usual,  various  means.  Sometimes 
the  food  is  compressed  merely  by  the  walls  of  the  digestive 
tube;  in  other  animals,  as  in  birds  and  crabs,  the  food  is 
crushed  to  pieces  in  the  stomach ;  in  others,  as  in  man,  the 
mechanical  division  of  the  food  is  effected  by  means  of  the 
teeth  situated  in  the  mouth,  at  the  commencement  of  the 
alimentary  tube  itself.  These  are  the  masticatory  organs  and 
apparatus. 

§  45.  Thus  the  digestive  tube,  extremely  simple  in  some 
animals,  is  in  others  very  complex,  extending  from  nearly 
one  extremity  of  the  trunk  or  torso  to  the  other.  Never- 
theless, its  greater  part  is  lodged  in  the  cavity  of  the  abdomen 
(Fig.  4),  which  in  mammals  is  separated  from  the  thorax  by 
a  muscle  called  the  diaphragm  or  midriff.  Inferiorly  it  termi- 
nates in  the  pelvis  (Fig.  77),  the  interior  of  which  possesses 
a  sort  of  muscular  floor.  Behind,  the  cavity  is  shut  in  by  the 
spinal  column,  and  at  the  sides  by  broad  muscles  extending 
from  the  thorax  to  the  pelvis.  Internally  this  cavity  is  in- 
vested by  the  serous  membrane  called  peritoneum,  by  portions 
of  which  (the  mesenteries)  the  bowels  are  maintained  in 
their  place,  whilst  other  portions,  extending  beyond  the 
margins  of  the  stomach  and  bowels,  and  thus  floating  in  the 
cavity  of  the  abdomen,  are  caUed  epiploons  and  epiplooic* 
appendages. 

The  various  portions  of  the  alimentary  tube  thus  formed 
and  located  receive  different  names.  Its  flrst  part  is  called 
the  mouth;  the  cavity  following  it,  the  pharynx;  next  follows 
the  gullet;  then  the  stomach;  and  this  is  followed  by  the  small 
intestine,  itself  subdivided  into  three  portions,  the  duodenum, 
jejunum,  and  ileum.  After  this  follows  the  large  intestine, 
terminated  by  the  anus, 

§  46.  Acts  of  the  Digestive  Function. — The  phenomena 
which  take  place  in  the  different  portions  of  the  digestive  tube 
constitute  a  series  of  acts  or  functions  all  tending  to  one  end. 
They  may  be  thus  classed: — 1.  There  is  the  prehension  of 
the  food ;  2.  The  mastication ;  3.  The  insalivation ;  4.  The 
deglutition ;  5.  The  chymification,  or  stomachal  digestion ; 
6.  The  chylification,  or  intestinal  digestion ;  7.  DefeBcation ; 
8.  Th^  absorption  of  the  chyle. 

Let  us  now  examine  these  organs  and  their  acts  suc- 
cessively, in  man  and  in  the  animals  which  most  approach 
him. 


Prekention  of  the  Food. 
§  47-  That  thia  act  varies  in  different  ftnimalB  ia  evident, 
Man  employs  the  hands  and  mouth.  Anatomically  speaking, 
the  term  mouth  includex  not  only  the  opening  ao-i^alled,  hat 
the  cavity  into  which  it  leads.  This  cavity  is  very  complex, 
bat  may  be  brieSy  described  aa  having  two  orifices,  one 
externally,  on  the  face,  the  other  situated  deeply,  and  leading 
to  the  pharynx.  Ita  boundaries  are  the  palate  above,  the 
ton^e  and  floor  of  the  mouth  below;  at  the  sides  the  cheeks; 
behind,  the  moveable  palate  limits  its  estent,  and  serves  the 
important  purpose  of  isolating  it  at  times  from  the  phairnx, 
ana  of  protecting  the  posterior  nostrils.  In  man  and  in 
many  other  animals  the  food  is  placed  in  the  mouth  by  the 
hands  or  anterior  extremities ;  the  lips  retain  it  when  so  placed. 


Certain  animals  introduce  the  food 
into  the  mouth  by  means  of  a  long 
and  protractile  tongue.  In  others, 
this  act  is  accomplished  by  means 
of  a  prolongation  of  the  nose,  as  in 
the  elephant  (Fig.  6) ;  or  bv  means 
of  feelers  {palpf\  siirroanding  the 
mouth,   as    in   insects    (Pie.  7  a). 


vliilst  similar  01 
taenia  in  tbe  mollne 
polyps  (Fie,  3),  &J. 

§48.  Theprehens 
aliments  or  drinks  is 


.  (Fig.  i 


died  ten- 
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ways.  Sometimes  the  Ui^uid  is  poured  into  the  mouth,  and 
allowed  to  fall  into  it  by  its  own  weieht ;  in  others,  it  ifl  sacked 
up  h\  the  mouth,  eilJier  by  the  dtTatation  of  the  thorax  or 
by  the  action  of  the  tongue  acting  as  a  piston.  Sucliing  is 
effected  by  this  Ust  method. 


e 


k,  c*11«d  Clluur;. 


Certain  of  the  lower 
animals  are  deetbied  to 
nourish  themselveH  sole- 
ly by  liquids  fbuiid  in 
jilanU  or  in  the  bodieH 
of  other  animaU,  on 
which  they  live  as  para- 
sites. Many  insecta  are 
thus  provided  for;  and 
their  mouth,  instead  of 
presenting  the  ordinary 
structures,  is  formed  into 
a  lengthened  tube  or 
Fie.  fl,-Bo»brl«  Peint.-  "^Vf '  .  l*?  ,  "^^"^   .f 

which  they  draw  up  the 
liquids  they  require  (Fig.  8).  The  details  of  this  curious  struc- 
ture will  l>e  explained  when  treating  of  the  history  of  insects. 
The  liquid  atiment  quita  the  mouth,  and  descends  imme- 
diately into  the  stomach  throy^h  the  pharynx  and  gullet. 
The  solid  part  remains  for  a  time  in  order  to  undergo  the 
action  of  mastication. 

MoiticaiioTi, 
5  49.  Mastication  is  performed  by  the  teeth. 
TAe  TeetL— These  organs  are  eitremely  hard  substances, 
i-esembling  bone,  firmly  fixed  into  the  dveolar  edges  of  either 
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Fig.  10.— Lower  Jaw  ud  T»th  of  the  B^bit. 
jaw,  and  so  as  to  act  npon  each  other,  or  rather  upon  what- 
ever is  placed  between  them.  In  man,  whom  we  select  as  the 
example,  each  tooth  is  formed  in  a  little  membranous  sac 
lodged  in  the  thickness  of  the  jaw  itself  (Fig.  12).  This  sac, 
which  is  named  the  dental  eaptule,  is  composed  of  two  vas- 
cular membranes,  and  encloses  in  its  interior  a  small  pulpy 
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germ  or  centre,  similar  to  a  grannlation,  into  which  ramify 
numerous  fine  nerves  and  vessels  (Fig.  11).  This  pulp,  called 
also  the  germ  or  hulh  of  the  tooth,  serves  to  form  the  tooth, 
gradually  becoming  elongated  and  approaching  the  free  edge 
of  the  jaw,  which  it  soon  pierces,  and  so  appears  externally. 
The  portion  thus  denuded  and  exposed  beyond  the  edge  of  the 
jaw  is  called  the  corona  of  the  tooth,  whilst  the  pQrtion  called 
root  remains  imbedded  in  the  jaw  like  a  nail  driven  into  a 
board.  The  osseous  cavity  thus  lodging  the  tooth  is  called 
the  alveolus,  and  the  point  of  union  of  the  corona  and  root  is 
called  the  neck  of  the  tooth.  When  the  dental  bulb  is  fixed 
to  the  bottom  of  its  capsule  by  one  or  more  pedicles,  there 
arrives  a  moment  when  the  hard  part  of  the  tooth  deposited 
on  the  surface  of  the  bulb  surrounds  it  on  all  sides,  compress- 
ing its  nourishing  vessels  so  as  to  cause  its  obliteration.  The 
tooth  ceases  then  to  grow,  the  bulb  wastes  away,  and  a 
central  cavity  alone  indicates  the  place  of  this  organ.  But 
when  the  bulb  does  not  exhibit  this  arrangement,  when  it  is 
not  pedunculated,  and  when  the  tooth  forms  only  on  the  upper 
surface,  the  growth  of  the  tooth  ceases  not,  and  no  central 
cavity  is  found  in  its  interior. 

a 


a 


Fig.  12.t 


The  large  teeth  found  in  the  front  of  the  mouth  of  the 
rabbit  (Fi^.  10)  offer  an  example  of  this  kind  of  dentition ; 
and  if  theu*  length  does  not  constantly  increase,  it  is  because 
they  are  worn  down  by  trituration  on  their  cutting  edge  in 
proportion  as  they  grow  at  the  base. 

*  Section  of  a  dental  capsule,  a,  capsule;  b,  bulb  or  germ;  c,  blood- 
vessels and  nerves  entering  the  germ;  d,  first  rudiments  of  the  ivory  of  the 
tooth. 

t  Iiower  jaw  of  a  very  young  infant.  The  outer  table  of  the  jaw  has  been 
remoyed  to  expose  the  capsules  of  the  teeth  enclosed  in  its  interior,  a,  the 
gran;  ft,  lower  edge  of  the  jaw;  c,  angle  of  the  jaw;  <f,  dental  capsules;  e, 
coronoid  process;  y,  condyle  of  the  jaw. 
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§  60.  Teeth  are  composed  of  various  structures.  The 
substance  forming  the  greater  part  of  the  tooth,  underneath, 
is  called  the  ivory  or  dentine.  The  dense  covering  of  the 
corona  is  called  enamel.  A  third  substance  is  occasionally 
found  towards  the  extremity  of  the  roots,  or  even  enveloping 
the  enamel  and  corona  (as  in  the  ox),  to  which  the  name  of 
cement  or  cortical  substance  has  been  given. 

The  ivory  of  the  tooth  is  composed  of  an  animal  *  matter 
analogous  to  gelatine,  of  phosphate  of  lime  (in  the  propor- 
tion of  about  64  to  100  in  the  adult  human  tooth),  of  car- 
bonate of  lime  (amounting  nearly  to  y^  parts),  and  of  a 
small  quantity  of  phosphate  of  magnesia.  The  enamel,  which 
differs  somewhat  in  colour  from  the  dentine  or  ivory,  and 
which  is  hard  enough  to  strike  fire  with  flint,  shows  on 
analvsis  slight  traces  of  an  animal  substance.  The  phosphate 
of  lime  in  its  composition  amounts  to  -ftths  The  cortical 
substance  or  cement  scarcely  exists  in  the  human  teeth ;  but 
in  the  teeth  of  oxen,  in  which  it  abounds,  it  furnishes,  by 
chemical  analysis,  42  per  100  of  organic  matter,  60  per  100 
of  phosphate  of  lime,  and  4  per  100  of  carbonate  of  lime. 

In  the  ivory  of  the  teeth  of  man  we  discover,  by  means 
of  the  microscope,  a  multitude  oiilexuoiis  branching  tubes  of 
extreme  tenuity  (c^led  Haversian  canals) ^  which  open  or 
terminate  in  the  central  cavity :  these  tubes  contain  calcareous 
matter ;  they  run  towards  the  surface  of  the  tooth,  and  their 
divisions  terminate  frequently  in  little  cavities  bearing  a  close 
resemblance  to  the  little  cells  found  in  the  ordinaiy  osseous 
tissue.  The  enamel,  examined  under  the  microscope,  exhibits 
a  multitude  of  fibres,  or  rather  hexagonal  prisms,  in  appear- 
ance crystalline,  closely  pressed  against  each  other,  and 
directed  perpendicularly  towards  the  surface  of  the  tooth. 
Finally,  the  cortical  substance  is  characterized  hy  the  pre- 
sence of  a  great  number  of  osseous  cellules,  and  of  irregular 
calciferous  tubes.  These  tissues  are  not  all  met  with  in  the 
teeth  of  all  animals ;  the  enamel  and  cortical  substance  are  fre- 
quently absent  in  fishes ;  and  occasionally  the  dentine,  instead 
of  containing  a  single  medullary  cavity,  contains  several. 

§  61.  The  teeth,  in  some  animals,  instead  of  being 
contained  or  fixed  in  the  alveolar  cavities  (sockets),  unite 
by  their  base  with  the  jawbone  or  maxilla,  becoming,  as 
it  were,  a  part  of  it :  this  happens  in  many  fishes,  and  occa- 
sionally the  teeth,  instead  of  resembling  bones,  offer  merely 
the  consistence  of  horn.     Finally,  in  the  whalebone  whale 
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(Fig.  14)  the  teeth  eeem  to  be   replaced   by   large  flexible 
p)ut«s  of  whalebone  {fanotit,  Fig.  13) ;  and  in  other  aniraala. 


ant-eater  (Fig.  I     , 

§  52.  In  animals  which  do  not  masticate, 
but  merely  seize  their  prey  with  the  teeth,  as 
in  crocodiles  and  many  other  reptiles,  all  the  teeth 
resemble  each  other ;  they  have  the  form  of 
hooks  or  cones;  but  in  animals  which  masticate, 
the  teeth  have  different  forme  and  uses. 


Fig.  IS.— H«id  of  the  OmTud  Crocadile. 

Thus,  in  man  ancl  most  mammals  there  exist  three  kinds 
of  teeth;  1.  The  teeth  called  incisive,  which  have  a  sharp 
cutting  edge.     3.  Conical  teeth,  which  in  many  animals  pro- 
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ject  beyond  the  plane  of  the  others;  these  are  the  canine 
teeth.  3.  Others,  called  molar,  whose  broad  and  irregular 
surface  points  out  their  use  in  the  trituration  of  the  food. 

The  mode  of  implantation  of  these  teeth  in  the  jaws  differs, 
as  well  as  the  form  of  the  corona,  being,  in  fact,  in  accordance 
with  their  uses.  The  incisive,  intended  only  to  cut  or  divide 
the  food,  have  but  a  single  short  root ;  the  canine  penetrate 
miich  more  deeply  into  the  jaws  than  the  incisives ;  and  the 
molar,  called  on  to  undergo  still  stronger  pressure,  are  firmly 
fixed  by  two  or  three  roots  into  the  alveolar  cavities. 

§  53.  The  harmony  of  organization  between  the  teeth  and 
their  uses  is  such,  that  in  general  it  is  easy,  by  a  sight  of 
the  teeth  of  an  animal,  to  say  to  what  class  it  belongs,  and  to 
predict  much,  a  prioH,  as  to  its  nature.  Thus,  in  carni- 
vorous animals  the  molars  are  not  grinding  teeth,  properly  so 
called,  but  present  a  sharp  edge,  dividing  the  prey  like  a  pair 
of  scissors  (Fig.  17) ;  in  insectivorous  animals  the  teeth  have 
a  tuberculated  surface,  rough,  with  conical  points,  so  arranged 
as  to  lock  into  each  other.     In  the  frugivorous,  living  on  soft 


Pig.  17.— Teeth  of  a  CarniTorous 
Animal. 


Fig.  18. — Teeth  of  an  Insectivorous 
Animal. 


fruits  (Fig,  20),  these  teeth  are  simply  provided  with  rounded 
tubercles ;  in  the  herbivorous  these  teeth  have  a  broad,  rough 
surface,  resembling  a  millstone  (Fig.  19). 


Fig.  19.— Teeth  of  an  Herbivorous 
'Animal. 


Fig.  20.— Teeth  of  a  Fru- 
givorous Animal. 
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Of  all  the  teeth  the  molars  are  the  most  useful;  hence  their 
presence  is  much  more  frequent  than  the  incisives  or  ca- 
nines. These  latter,  for  an  obvious  reason,  are  never  wanting 
in  the  carnivora ;  but  they  are  not  unfrequently  absent  in  the 
herbivora.  The  canine  in  some  animals  grow  to  a  large  size, 
and  become  instruments  of  attack  and  defence  (Fig.  21). 


Fig.  22.— Head  of  the  Ant-eater.* 


Fig.  21.— Head  of  the  Boar. 


§  54.  At  birth  it  is  seldom  that  the  human  teeth  have  cut 
the  gums ;  they  appear  usually  from  six  months  to  a  year 
after  birth.  The  teeth  which  first  appear  are  called  milk 
teeth,  or  deciduous,  as  destined  to  be  thrown  oflP  and  to  be  re- 
placed by  others.  They  are  twenty  in  number,  namely,  in 
each  jaw  ten — viz.,  four  incisives,  one  canine,  and  two  molar. 
About  seven  years  of  age  these  begin  to  fall  or  to  be 
thrown  oiF,  and  to  be  replaced  by  another  series  of  teeth, 
situated  in  capsules  imbedded  more  deeply  in  the  jaws  ;  their 
roots  therefore  are  longer,  and  their  insertion  firmer. 

The  teeth  of  the  second  dentition  ai*e  more  numerous  than 
those  of  the  first :  they  are  thirty-two  in  number,  sixteen  in 
each  jaw ;  namely,  four  incisives,  two  canine,  four  small  or 
false  molar,  having  each  two  roots,  three  true  molars  situated 
behind  these,  and  having  each  three  roots  (Fig.  16). 

In  old  age  these  permanent  teeth  fall  as  did  the  deciduous, 
but  they  are  not  replaced. 

§  55.  Mechanism  of  Mastication. — ^The  teeth,  the  pas- 
sive instruments  of  mastication,  are  put  in  action  by  the 
muscles  of  mastication  actin?  on  the  jaws.  The  upper  jaw, 
forming  a  fixed  portion  of  the  head  in  mammals,  moves  only 
with  the  head ;  but  the  lower,  by  means  of  its  articulations, 
acts  readily  and  powerfully,  and  by  means  of  many  muscles, 
and  with  the  aid  of  the  tongue  and  cheeks,  forces  the  food  in 
such  a  way  between  the  surface  of  the  grinding  teeth  as  to 
expose  it  fully  to  their  action. 

*  Mynnecophaga  Jubata. 
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§  56.  This  operation  ia  an  important  one,  inasmuch  as  the  . 

more  the  food  is  masticated  the  easier  will  be  the  digestion.  ^ 

When  such  instruments  are  wanting  in  animals  whose  food 
still  requires  trituration,  this  is  effected  by  other  means.  The 
gizzard,  for  example,  in  many  birds  is  sufficiently  strong  to 
answer  this  purpose. 

Insalivation. 

§  57.  Whilst  the  food  is  undergoing  trituration  in  the 
mouth,  it  imbibes  saliva,  which  sometimes  even  dissolves  it. 

§  58.  The  saliva  is  formed  partly  in  little  mucous  cavities 
hollowed  out  of  the  mucous  membrane  of  the  mouth,  partly 
by  glands  situated  around  this  cavity,  and  commimicating 
with  it.  These  glands  are  composed  of  small  granulations, 
agglomerated.  In  man  there  exist  three  salivary  glands  on 
each  side,  placed  around  the  lower  jaw ;  the  parotid,  the  sub- 
maxillary, and  the  sublingual.  They  have  each  an  excretorj' 
duct,  by  which  their  secretions  are  poured  into  the  mouth  in 
variable  quantities.  The  follicles  of  the  mucous  membrane  oi' 
the  mouth  are  disseminated  partly  over  the  surfa(«  of  the 
tongue  and  cheeks,  and  partly   collected  inte  two   groups,  I 

situated  in  the  isthmus  or  passage  by  which  the  mouth  com- 
municates with  the  pharynx.  These  little  masses  of  follicles 
are  called  ara3^gdal8B,  or  tonsils. 

The  mixed  saliva  coming  from  these  various  sources,  is 
composed  of  993  parts  of  water  to  1000  of  saliva.  In  addi- 
tion, there  exist  a  peculiar  principle  called  ptyaline  and 
animal  diastase,  various  salts,  as  sea  salt  or  chloride  of 
sodium,  tartrate  of  soda,  and  a  little  uncombined  soda,  ren- 
dering the  saliva  alkaline. 

The  saliva  thus  mixed  with  the  food  facilitates  mastica- 
tion, assists  in  deglutition,  and  obviously  aids  in  the  digestion 
of  some  kinds  of  food. 

Deglutition. 

§  59.  In  mammals,  between  the  buccal  cavity  and  the 
pharynx,  is  a  moveable  muscular  partition,  the  pendulous  g 

palate,  (Fig.  23,)  which,  during  mastication,  separates  the 
two  cavities  from  each  other ;  but  so  soon  as  this  is  accom- 
plished, the  elementary  mass  or  bolus  being  pressed  back- 
wards by  the  tengue,  the  pendulous  palate  is  drawn  upwards 
and  backwards,  so  as  to  permit  of  the  passage  of  the  food 
or  drink  through  the  isthmus  into  the  pharynx.     At   this  J 


point  deglutition  commences,  the  t*rm  being  applied  to  tie 
passBfe  of  the  food  and  drink  from  the  pharynx,  by  the  gullet, 
into  trie  stomach. 

§  60.  The  pharynx  (Fig.  23}  in  the  cavity  immediately  fol- 
lowing the  month,  and  commimicating  with  it  hy  the  iathmus. 
It  receives  the  food  from  the  mouth ,  and  the  air  passes  by  the 
SEime  pas£a^  when  the  nostrils  are  closed  or  obstrncted. 
Seven  opemngs  lead  to  or  from  thia  cavity,  the  posterior  oos- 
trils,  namely,  being  two ;  the  Eustachian  tubes  leading  to  the 
ears,  two ;  the  opening  l«  the  mouth,  one  ;  the  opening  of  the 
eullet,  one;  the  aperture  leading  to  the  lungs  through  the 
brynx  and  windpip,  one;  seven  in  all.  The  ti'achea  is  the 
tube  leading  into  the  chest,  surmounted  by  the  larynx.  By 
this  tube  the  air  passes  into  the  lungs,  placed  in  the  thorax, 
and  the  cesophaguB  or  gullet  passes  through  the  chest  and 
enters  the  abdomen  to  expand,  as  it  were,  into  the  stomach. 
By  this  tube  the  food  and  drink  pass  into  that  organ. 


Fig.  33.— Vertical  Seclion  of  the  Moutb  wd  Thrast. 
§  61.  Whilst  the  alimentary  bolus  is  passing  from  the 
juth  to  the  pharyni,  the  apertures  of  tlie  posterior  nostrils 
1  protected  \>y  the  pendulous  palate ;  the  tubes  leading  to 
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the  ears  by  a  peculiar  mechanism,  and  by  their  direction ; 
the  opening  leading  to  the  larynx  and  air  passage  or  trachea 
is  protected  by  a  cartilage  of  a  singularly  wonderful  mecha- 
nism, closing  the  air  tube  hermetically  whilst  the  food  is 
passing  over  its  upper  surface ;  the  gullet  is  then  the  only 
aperture  left  by  which  the  food  can  escape  from  the  pharynx, 
and  this  leads  directly  to  the  stomach.  The  movements  and 
contractions  required  to  effect  these  actions  are  numerous, 
complex,  and  quite  involuntary;,  when  disturbed,  the  food 
may  penetrate  into  the  larynx  and  windpipe,  causing  for  an 
instant  terrible  distress,  and  certain  death  if  not  speedily 
relieved.  Finally,  the  gullet  being  in  part  muscular,  by  its 
conti^actions  the  food  is  readily  propelled  into  the  stomach. 
It  is  almost  needless  to  say  tha,t  the  gullet  is  nearly  straight, 
and  that  the  food  does  not  descend  into  the  stomach  by  its 
own  gravity. 

Stomachal  Digestion  or  Chymification, 

§  62.  The  food  is  changed  in  the  stomach  into  the  sub- 
stance called  Chyme.      The  stomach   (Fig.  24)  is  a  mem- 
branous bag  placed  transversely  in  the  upper  part  of  the 
abdominal  cavity,  and  almost  immediately   below  the   dia- 
phragm ;  in  man  it  has  the  shape  of  a  bagpipe,  and  indeed  it 
is  with  the  stomachs  of  animals  having  tnis  shape  that  the 
air  reservoir  of  the  bagpipe  is  made.     It  diminishes  gradually 
from  left  to  right,  and  is  curved  on  itself,  so  that  its  upper 
edge  is  short  and  concave,  its  inferior,  called  the  greater  cur- 
vature of  the  stomach,  convex  and  long.     By  an  opening 
called  cardiac  (or,  better,  oesophageal),  it  communicates  with 
the  gullet ;  the  opening  leading  into  the  small  intestine  is 
called  pyloric.      The  walls  of  the  stomach  are  very  dilat- 
able J  when  empty,  a  number  of  folds  may  be  seen  internally, 
which  disappear  when  the  stomach  is  full.     Little  follicles 
or   cavities  may  be  seen  also.     The  term  pylorus  is  derived 
from  the   Greek  word  irvkovpoi,  a  poi-ter  (ttvXi;,  a  gate,  and 
ovpoii  guardian).     During   digestion,    in   the  stomach   the 
pyloric  orifice  is  closed,  and  afterwards  opens  to  allow  of  the 
passage  of  the  chyme  into  the  intestine ;  over  the  interior  of 
the  stomach  are  numerous  small  cavities  called  gastric  fvU 
licles,  which  pour  out  upon  the  food  the  liquid  they  secrete. 

This  liquid  is  the  gastric  juice,  the  most  important  of  all 
the  agents  of  digestion,  for  by  it  the  food  is  converted  into 
chyme.     So  long  as  the  stomach  is  empty,  it   is   secreted 


only  ill  BmaJl  quantltie* ;  but  in  the  orgaa  filled  with  food, 
especially  if  aolid,  the  gastric  juice  is  secreted  in  abundance. 
Its  acid  properties  ore  always  weU  marked. 


Fig,  34.— Cigeatiie  Appantiu  ib  Uu. 

§  63.  The  alimentary  gnbetances  which  accumulate  in  the 
stomach  being  pressed  on  b;  the  muscular  wall  of  the  stomach 
and  abdomen  would  reaacend  the  gullet,  but  are  prevented  bj 
the  contraction  of  this  organ.  This  resistance,  however,  is  fre- 
quently overcome,  as  in  regurgitation  and  vomiting.  On  the 
other  hand,  the  contraction  of  the  pylorus  during  digestion 
retina  the  food  for  some  time  in  the  stomach. 
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§  64.  The  food  thus  letained,  is  collected  chiefly  in  the 
part  called  the  great  cul  de  sac  of  the  stomach.  Some 
of  its  contents,  as  water,  alcoholic  liquids,  <&c.,  are  taken 
up  or  absorbed  by  the  walls  of  the  stomach,  and  thus  enter 
the  blood  without  further  change.  Others  pass  the  pylorus 
unaltered,  and  escape  with  the  &eces ;  but  the  greater  part 
undergoes  the  action  of  digestion,  and  is  by  this. transformed 
into  a  pulpy  semi-liquid  mass,  called  chyme. 

It  would  appear  that  the  alimentary  fragments  placed  on 
the  surface  of  the  mass,  and  more  immediately  in  contact 
with  the  walls  of  the  stomach,  imbibe  the  gastric  juice,  be- 
come acid,  and  soften  from  the  circumference  towards  the 
centre.  With  time  the  whole  mass  undergoes  this  change, 
and  becomes  converted  finally  into  a  soft  pultaceous  greyish 
mass,  of  a  faint  and  peculiar  odour:  this  is  the  chyme,  mingled 
with  the  dibris  of  the  food. 

§  66.  Natv/re  of  the  Digestive  Process, — Prior  to  the 
experiments  of  Spallanzani,  the  true  nature  of  the  dis^estive 

Erocess  was  not  understood.  He  it  was  who  first  showed, 
y  direct  experiment,  that  the  solution  of  the  food  in  the 
living  stomach  was  due  to  the  action  of  the  gastric  juice ; 
and  this  he  proved,  by  enclosing  the  food  in  tuoes  of  wood, 
perforated  so  as  to  allow  of  the  action  of  the  secreted  liquids, 
but  strong  enough  to  resist  the  action  of  the  walls  of  the 
:^tomach :  thus  proving  that  trituration  was  not  the  cause  of 
digestion.  He  carried  his  experiments  still  further,  for  by- 
withdrawing,  by  means'  of  little  bits  of  sponge  secured  with 
threads,  a  sufiicient  quantity  of  the  gastric  juice  from  the 
stomachs  of  crows  and  other  birds,  he  imitated  successfully 
the  digestive  process  on  food  placed  in  close  vessels,  heated 
to  a  proper  temperature. 

It  is  evident,  then,  that  the  gastric  juice  is  the  true  solvent 
of  the  food  in  the  stomach,  and  a  question  arises,  namely,  to 
what  property  it  owes  its  active  power. 

§  66.  Ascribed  hitherto  to  the  presence  of  the  hydro- 
chloric and  lactic  acids  which  always  enter  into  its  composi- 
tion, the  experiments  of  Eberle,  Schwan,  anduMiiller  seem  to 
prove  the.  existence  of  a  peculiar  principle  (pepsin)  analogous 
to  the  action  of  diastase  on  tinder.  But  this  substance  or 
principle  requu*es  to  be  combined  with  an  acid,  the  hydro- 
chloric or  acetic  for  example.  It  can  then  dissolve  fibrin, 
coagulated  albumen,  and  the  greater  number  of  the  solid 
alimentary  bodies ;  and  it  further  produces  important  changes 
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in  the  chemical  iiatnre  of  some  of  theae  bodjee,  as  for  ei- 
ample,  in  albuiaen. 

Certdn  alimentitrf  gubstances,  as  fecola  and  gluten,  are 
not  acted  on  b;  pepm;  aod  in  order  to  be  digested  they 
require  to  be  prflTioualf  submitted  tjj  other  aKeuts.  The 
Bahvais  one  uf  these  a^nts;  andthnsitisthat  in  nerbirorous 
animals  there  often  ensts,  between  the  mouth  and  stomach 
properlj  so-called,  a,  first  cavity,  intended  to  lodge  the  food 
whilst  being  mixed  with  the  saliva.  In  the  mammals 
called  raminants,  this  pouch,  or  first  stomach  as  it  haa  been 
caUed,  is  named  the  paunch  (Fig.  25) ;  and  in  birds,  the 
Jabot  or  crop. 


Cirdu. 
Third  Stomiub. 


PflOTUa.    St.p.d.2DaatomiKli.    Fsusch, 
Fig.  20.— StoiDBch  of  the  Hbeep, 

Fatty  substances  used  as  food  resist  the  action  of  these 
juices,  and  pass  the  stomuih  unaltered.  It  is  only  in  the 
intestines  that  they  meet  an  agent  equal  to  their  solution. 

Whilst  chymification  proceeds,  the  muscular  fibres  act 
circularly,  and  push  the  mass,  at  first,  from  right  to  left; 
afterwards,  from  left  to  right,  towards  the  pylorus,  by  which 
the  chyme  passes  on  to  tbe  small  intestine.  This  action  is 
called  perulaliie. 

Ckylificaii<m. 
§  67-  Intetlines. — The  portion  of  the  alimentary  canal 
immediately  following  the  stomach  is    called  the  intettine, 
{Pig,  24.)     This  membranous  tube,  variable  in  its  capacity. 
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is  in  man  about  seven  times  the  length  of  the  bod^.  In 
the  purely  carnivorous  animals  it  is  shorter;  and  m  the 
strictly  herbivorous,  longer  than  in  man,  who  is  generally 
considered  to  be  onmivorous.  Thus,  in  the  lion,  it  is  only 
thrice  the  length  of  the  body,  whilst  in  the  ram  it  measures 
twenty-seven  times  the  length  of  the  animal.  The  reason 
assigned  is  the  facility,  on  the  one  hand,  with  which  animal 
substances  are  digested,  and  the  comparative  slowness  with 
which  vegetable  snbstaDces  undergo  this  change. 

Lodged  in  the  abdomen,  the  intestines  are  enveloped  and 
suppoited  by  a  membrane  called  the  peritoneum ;  they  are 
furtner  subdivided  into  the  small  and  large  intestines,  and 
these  names  are  preserved,  though  occasionally  inapplicable 
to  the  organs  described. 

The  small  intestine  follows  the  stomach  immediately,  and 
it  is  in  it  that  the  digestion  is  completed.  It  forms  about 
three-fourths  of  the  entire  length  of  the  tract  of  the  intestines. 
The  smoothness  of  its  external  surface  is  due  to  its  peritoneal 
covering;  internally,  its  mucous  membrane  presents  on  its 
surface  a  number  of  villosities  and  of  small  follicles.  Many 
transverse  folds  exist,  projecting  into  the  interior  of  the  tube : 
they  are  supposed  to  assist  in  retarding  the  progress  of  the 
alimentary  mass,  and  thus  effecting  a  more  complete  absorp- 
tion of  the  chyle.  The  villosities  are  considered  as  the  means 
by  which  this  absorption  is  effected. 

Anatomists  divide  the  small  intestine  into  duodenum, 
jejunum,  ileum — a  division  of  but  little  importance  in  phy- 
siology. 

^68.  Liver  and  Pancreas. —  The  alimentary  matters 
which  have  passed  into  the  small  intestine  mingle  with  the 
fluids  secreted  by  its  walls  and  with  two  peculiar  liquids 
secreted  by  the  liver  and  pancreas  (the  bile  and  the  pancreatic 
juice),  two  glandular  organs  situated  in  the  immediate  neigh- 
bourhood of  the  intestine. 

The  liver  (Fig.  24),  the  organ  which  secretes  the  bile,  is 
the  largest  viscus  in  the  body.  It  is  situated  in  the  upper 
part  of  the  abdomen,  mostly  on  the  right  side,  and  extends  as 
far  as  the  lower  edge  of  the  ribs.  Its  upper  surface  is  convex, 
the  lower  concave  and  irregular ;  its  colour  red-brown ;  its 
substance  soft,  yet  compact;  and  when  torn  it  appears  to 
be  formed  of  an  agglomeration  of  small  solid  granulations,  in 
which  bloodvessels  abound  and  from  which  arise  the  excre- 
tory canals  of  the  bile. 
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These  excretory  canals  unite  so  as  to  form  smaller  and 
larger  trunks  successively,  until  they  terminate  in  a  single 
trunk,  which,  after  a  certain  course,  terminates  in  the  duo- 
denum a  short  way  from  the  pyloric  orifice  of  the  stomach. 
The  hepatic  tuhe  thus  described  communicates  hy  a  short 
tube  with  the  gall-bladder,  which  is  maintained  full  of  bile 
by  means  of  the  cystic  duct. 

In  the  lower  animals  the  liver  is  often  replaced  by  an  Skg- 
glomeration  of  small  tubes  terminating  in  cul  de  sacs,  and 
mserted  by  their  open  mouths  into  the  branches  of  an  excre- 
tory canal  (as  in  the  crabs  and  lobsters),  or  by  simple  but 
long  vessels,  as  in  insects.  Finally,  in  beings  of  a  very  simple 
organization,  the  liver  is  either  wanting  or  replaced  by  a  glan- 
dular tissue  surrounding  a  portion  of  the  intestine ;  neverthe- 
less, it  is  one  of  the  organs  found  most  constantly  to  exist  in 
the  animal  kingdom. 

§  69.  The  bile  is  a  viscous  liquid,  greenish  in  colour, 
thready,  and  extremely  bitter.  It  is  always  alkaline,  and  has 
a  strong  analogy  with  soap. 

Chemical  analysis  shows  it  to  be  composed  of  a  salt  formed 
of  soda  united  to  a  fatty  acid  of  a  peculiar  nature,  cholesterine, 
a  colouring  principle,  a  little  of  the  oleate  or  margarate  of 
soda,  mucus,  and  water.     But  the  bile  has  other  uses,  fur- 
nishing peculiar  substances  to  the  blood. 

§  70.  The  pancreatic  juice  strongly  resembles  saliva, 
physically  and  chemically ;  but,  in  addition,  it  rapidly  unites 
into  an  emulsion  with  fatty  bodies ;  the  pancreatic  gland,* 
which  forms  it,  resembles  the  salivary  glands  in  structure. 
In  man  it  is  a  granular  mass,  divided  into  a  great  num- 
ber of  lobes  and  lobules,  firm  in  consistence,  and  of  a  greyish 
colour,  slightly  reddish,  situated  transversely  between  the 
stomach  and  vertebral  column  (Fig.  24).  From  each  of  the 
granulations  there  arises  a  fine  duct,  and  all  these  reunite  to 
form  a  canal  which  opens  into  the  duodenum  close  to  the 
entrance  of  the  bile  duct. 

§71.  Formation  of  the  Chyle, — ^The  chyme  formed  in  the 
stomach  enters  the  intestine  oy  the  pyloric  orifice  of  this 
viscus,  and  passes  through  the  intestme  by  its  peristaltic 
motion.  During  this  passage  it  mingles  with  the  bile,  pan- 
creatic juice,  and  other  secretions  from  the  mucous  mem- 
brane of  the  intestine,  and  gradually  changes  its  properties ; 

*  From  iroLv  aU^  and  icpca;,  flesh. 
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it  becomes  bitter,  yellowish,  less  and  less  acid,  then  alkaline ; 
the  amylaceous  and  fatty  bodies  which  had  resisted  the  action 
of  the  gastric  juice  are  now  acted  on  by  the  bile  and  pancreatic 
juice ;  and  various  gases  are  disengaged  from  the  alimentary 
mass  distending  the  intestine.  These  gases  are  chiefly  car- 
bonic acid  gas  and  hydrogen ;  sometimes  nitrogen.  Finally, 
the  more  fluid  parts  of  the  chymous  mass  are  absorbed  by  the 
lacteals,  which  become  rarer  and  rarer  towards  the  lower  por- 
tion of  the  small  intestine,  until  they  are  no  longer  to  be 
found,  and  the  mass  formed  by  the  remains  of  the  chyme,  by 
the  bile,  and  other  humours  alreadj  mentioned,  acquires  in 
this  portion  of  the  tube  more  consistence,  assumes  a  brown 
colour,  and  thus  passes  into  the  large  intestine. 

Expulsion  of  the  Itesidue  left  after  Digestion, 

§  72,  The  alimentary  matters  which  do  not  admit  of 
digestion,  require  to  be  expelled  from  the  body.  Por  this 
purcose  they  are  collected  into  the  large  intestine. 

The  Large  Intestine  (Fig.  24)  is  continuous  with  the 
small,  and  in  most  mammals  is  easily  distinguished  from  it 
by  its  irregular  cellular  aspect.  Anatomists  divide  it  into 
ccBcum,  colon,  and  rectum.  The  caecum,*  situated  in  the 
right  iliac  region,  is  prolonged  into  a  cul  de  sac,  beyond  the 
point  of  insertion  of  the  small  intestine.  At  its  lower  ex- 
tremity it  communicates  with  a  small  tube,  the  appendix 
vermiformis,  which  may  be  considered  as  a  prolongation  of 
the  caecum.  A  very  perfect  valve,  formed  of  folds,  internally 
at  the  junction  of  the  small  intestine  with  the  large,  is 
placed  so  as  to  prevent  or  impede  the  return  of  whatever  has 
passed  from  the  small  into  the  larger  bowel. 

The  colon  is  a  continuation  of  the  caecum.  It  traverses 
the  abdomen  immediately  beneath  the  stomach,  ^ains  the  left 
side,  and,  descending  to  the  edge  of  the  pelvis,  is  continuous 
with  the  rectum.     This  latter  terminates  at  the  anus. 

§  73.  The  residue  of  the  food  passing  from  the  caecum 
and  colon  to  the  rectum,  remains  there  for  a  certain  time. 
The  matter  has  now  acquired  considerable  consistence  and  a 
peculiar  odour.  Gases  are  developed,  which  differ  from  those 
generated  in  the  small  intestine;  they  are  the  carbonated 
hydrogen,  and  a  little  sulphuretted  hydrogen. 

*  The  cffionm  {eacuSf  blind)  forms  a  cul  de  sac  at  the  commencement  of  the 
large  intestine. 
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Fleshy  fibres,  forming  a  sphincter,  constantly  in  action,  sur- 
round the  aperture  of  the  bowel,  and  thus  prevent  the  escape 
of  its  contents,  until  the  moment  arrives  for  its  evacuation. 
This  is  effected  mainly  by  the  muscular  action  of  the  bowel 
itself,  assisted  occasionally  by  the  diaphragm  and  levatores 
ani  muscles. 

S  74  Theory  of  Digestion. — ^The  object  of  digestion  is  to 
fit  tne  food  for  absorption  by  the  lacteafs.  A  portion  of  the 
alimentary  mass  bemg  soluble  in  water,  is  of  consequence 
directly  dissolved  by  the  saliva,  the  gastric  juice,  and  the 
water  swallowed  as  part  of  our  food,  without  the  intervention 
of  .any  special  active  principle.  The  animal  diastase  con- 
tained in  the  saliva  possesses  the  property  of  transforming 
fecula  into  glucose,  and  thus  determines  the  solubility  of  a 
portion  of  the  amylaceous  matters  introduced  into  the  stomach. 
The  pepsin  contamed  in  the  gastric  juice  acts  in  an  analogous 
manner  upon  the  fibrin,  albumen,  &c.,  and  liquefies  these  sub- 
stances in  the  cavity  of  the  stomach.  The  fecula,  which  may 
have  resisted  the  action  of  these  agents,  and  has  reached  the 
intestine  untouched,  there  meets  with  the  pancreatic  fluid, 
whose  action  is  analogous  to  that  of  the  sahvary  secretions, 
and  thus  the  solution  of  the  amylaceous  portions  of  the  food 
is  completed.  Finally,  the  fatty  matters,  which  also  have 
escaped  the  action  of  the  saliva  and  gastric  juice,  are  formed 
into  emulsions  by  the  action  of  the  pancreatic  secretion,  and 
sometimes  by  the  aid  of  the  alkali  contained  in  the  bile ;  and 
just  as  these  various  solutions  go  on,  the  product  is  taken  up 
by  the  absorbents  in  connexion  with  the  waUs  of  the  stomach 
and  intestine.  Certain  of  the  substances  thus  dissolved  under- 
go modifications  in  their  chemical  nature.  Thus  the  sugar  of 
the  sugar-cane  is  changed  into  glucose ;  but  the  most  impor- 
tant and  most  general  of  the  phenomena  connected  with 
digestion,  is  the  liquefaction  of  the  alimentary  matters. 

Absorption  of  the  Products  of  Digestion. 

§  75.  The  nutritive  matter  thus  extracted  from  the  ali- 
ment has  now  to  pass  into  the  mass  of  blood,  which  fluid  it 
is  destined  to  renovate. 

Some  of  the  liquids  and  soluble  matters  introduced  into 
the  stomach  and  intestine  are  absorbed  directly  by  the  veins, 
which  abound  in  the  walls  of  these  organs ;  but  the  greater 
part  of  the  fibrin  and  fatty  matters  which  form  the  chyle 
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follows  Buotiier  rente,  and  penetrates  another  sjetem  of  Teasels, 
b;  whii^  it  reaches  the  veins,  but  in  an  indirect  way.  These 
vessels,  called  indifferently  lacteale,*  or  chyliferoua  vessels, 
form  a  portion  of  the  absorbent  or  lymphatic  system  of 
vessels.  (See  §  34)  They  originate  in  the  viilositiea  of  the 
mucous  membrane  of  the  small  intestine,  and  unite  into 
branches  or  single  vessels,  which  are  placed  between  the  two 
folds  of  the  mesentery.  In  their  course  towards  the  thoracic 
duct,  these  lacteals  pass  through  the  ganglions  called  mesen- 
t«ric  (Fie.  26).  Again  assuming  the  form  of  single  vessels 
on  emergm^  f^m  these  gangliona.theyproceedto  the  thorarac 
dnct,  in  which  they  termiaate.  By  means  of  this  duct,  the 
chyle  thus  formed  is  conveyed  into  the  left  subclavian  vein 
(Kg.  2). 

AorU.  Thoracic  Cuial-  LjinphAtic  GuigliotiB. 


§  76.  When  an  animal  has  been  kept  without  food  tor 
e  time,  these  vessels  are  nearly  empty ;  but  when  diges- 

*  IVom  Ui«  Dulk-lils  i^peuuce  of  the  cbjla  which  IheTHonUlD. 
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tion  is  going  on  rapidly  they  become  filled  with  chyle,  the 
colour  of  which  is  white,  like  milk ;  and  hence  the  name  of 
lacteals  given  to  them  by  their  discoverers. 

The  absorption  of  the  chyle  seems  to  take  place  chiefly  by 
means  of  the  villosities ;  for  so  soon  as  this  phenomenon  com- 
mences, they  become  swollen,  like  sponges  filled  with  milk  by 
imbibition.  Prom  these  the  cbyle  passes  into  the  lymphatic 
{lacteal)  vessels,  by  a  process  as  yet  unknown;  and  after 
traversing  the  mesenteric  elands,  proceeds  by  other  lacteals 
from  these  glands  to  the  thoracic  duct.  The  cause  of  thid 
upward  and  onward  movement  of  the  chyle  towards  the 
veins  is  not  well  known. 

§  77.  Chyle, — This  liquid  varies  in  appearance  according 
to  the  animal  and  the  kind  of  food  which  has  been  used.  In 
man  and  in  most  mammals  it  is  of  a  milky- white  colour,  of  a 
peculiar  odour  and  brinish  alkaline  taste.  Examined  by  the 
microscope,  it  seems  composed  of  a  serous  liquid,  holding  in 
suspension  fatty  drops  and  circular  globules.  Chyle  formed 
from  food  not  including  fatty  matters  is  much  less  opaque 
than  that  having  in  its  composition  oil  and  fat.  In  birds,  the 
chyle  is  almost  always  transparent. 

Taken  from  the  lacteals,  near  their  origin  in  the  intestines, 
the  chyle  is  found  to  be  composed  mostly  of  albuminous 
matters ;  but  examined  in  the  thoracic  duct,  near  its  junction 
with  the  subclavian  vein,  it  is  found  to  contain  fibrin,  in- 
creasing in  quantity  the  nearer  to  its  passage  into  the  venous 
blood.  On  the  presence  of  this  substance  depends  its  property 
of  spontaneous  coagulation,  like  the  blood.  It  now  becomes 
of  a  light  rose-colour,  and  reddens  slightly  on  exposure  to 
the  air.  In  brief,  it  more  and  more  resembles  the  blood,  with 
which  it  finally  mingles  in  the  left  subclavian  vein. 

We  have  traced  the  elaborated  nutritive  matter  to  the 
blood.  This  fluid  must  now  engage  our  attention,  also  the 
mamier  in  which  it  is  distributed  to  all  parts  of  the  body. 

OF  THE  BLOOD. 

§  78.  In  animals  of  the  simplest  structure,  all  the  liquids 
of  the  animal  economy  resemble  each  other.  It  seems,  in- 
deed, to  be  only  water  charged  with  a  certain  amount  of 
organic  particles ;  but  in  animals  higher  in  the  scale  of  being, 
the  humours  cease  to  be  of  the  same  nature,  and  there  is  one, 
distinct  from  all  the  others,  destined  to  nourish  the  body : 
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tihis  fluid  is  the  blood.  It  not  only  nourishes  the  body,  but 
IS  the  source  whence  are  drawn  all  the  secretions,  such  as  the 
saliva,  urine,  bile,  and  tears. 

§  79.  In  mammals,  birds,  reptiles,  fishes,  and  in  most 
animals  of  the  class  annelides,  the  blood  is  red.  But  in  the 
greater  number  of  the  lower  animals  the  blood  presents 
various  hues  and  density,  being  often  thin  or  watery,  and 
slightly  yellow  or  green,  rose-coloured  or  lilac.  It  is  diffi- 
cult, therefore,  to  be  seen,  and  for  a  long  time  these  animals 
were  called  bloodless  or  exsanguineous. 

Those  animals  with  white  blood  are  very  numerous; 
all  insects,  for  example.*  The  Crustacea  of  all  sorts  have 
only  white  or  pale-coloured  blood ;  and  in  this  categoiy  may 
be  placed  all  the  mollusca,  zoophytes,  and  intestinal  worms. 
§  80.  By  the  use  of  the  microscope  we  discover  that  the 
blood  of  a  red-blooded  animal  is  C/Omposed  of  a  yellowish 
transparent  liquid,  called  serum,  and  of  a  number  of  small 
solid  corpuscles,  which  float  in  the  serum,  called  blood  glo- 
bules. 

§  81.  Globules  of  the  Blood. — Before  birth,  the  globules 
have  dimensions  and  even  a  form  different  from  what  they 
afterwards  acquire.  Thus  in  the  chick  the  globules  of  the 
blood  are  at  first  circular ;  and  it  is  only  at  a  more  advanced 
period  of  incubation  that  the  globules  assume  an  elliptic 
form.     After  birth  the  globules  never  vary. 

In  all  animals  of  the  same  species  the  globules  have  the 
same  form  and  nearly  the  same  dimensions.  It  is  not  so 
with  different  species.  It  has  been  observed,  also,  that  in 
animals  of  the  same  class,  the  blood  globules  resemble  each 
other,  but  differ  from  those  of  other  classes.  In  the  first, 
they  have  nearly  all  the  same  form ;  but  in  those  of  a  different 
class,  they  may  vary  not  only  in  dimensions  but  even  in 
form. 

Thus,  in  man  (Fig.  27)  and  in  most  mammals 
the  globules  of  the  blood  are  circular.  In  the  camel 
and  lama,  however,  they  are  elliptic.  In  birds, 
reptiles,  batrachia,  and  fishes,  they  are  elHptic 
(Fig.  28). 

The  corpuscles  are  always  microscopic ;  and  in  man  and  in 
mammals  generally,  they  are  extremely  small.     In  man,  the 

•  The  red-coloured  liqtiid  which  appears  when  the  head  of  these  insects  is 
crashed,  is  not  blood,  but  comes  from  the  eves, 
t  Globules  of  the  human  blood,  magnified  nearly  400  times  (in  diameter) 
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dog,  rabbit,  and  some   others,  their  diameter  is  from  the 
three- thousandth  to  the  four-thousandth  part  of  an  inch. 

In  birds,  the  globules  are  larger  than 
in  mammals.     In  the  reptiles  and  ba-  ^  ^ 

trachia  they  are  still  larger.    In  the 
proteus  they  attain  their  maximum. 

Finally,  in  fishes,  the  blood  globules 
are  intermediate  between  those  of  birds 
and  the  batrachia. 

Moreover,  the  blood  globules  are  al- 
ways flattened,  and  present  a  central 
spot  or  nucleus,  surrounded  with  a  rim 
or  border.  Their  structure  is  extremely 
difficult  to  be  clearly  made  out;  but 
when  seen  to  most  advantage,  they  seem 
to  be  composed  of  a  central  nucleus  and 
an  envelope,  resembling  a  bladder.   This  yjg^  28.* 

envelope  oeing  depressed,  gives  to  the 
globule  the  appearance  of  a  disc,  swollen  in  the  middle.  It 
IS  of  a  reddish  colour,  and  seems  formed  of  a  substance  re- 
sembling jelly,  but  very  elastic.  The  central  nucleus  is  of  a 
spheroidal  form,  and  is  not  coloured.  In  mammals,  the 
nucleus  is  not  distinct,  and  the  central  portion  is  depressed ; 
but  analogy  induces  us  to  suppose  that,  as  in  other  animals,  it 
is  also  present  in  man. 

Other  globules,  spherical  and  colourless,  exist  in  the  blood, 
resembling  greatly  those  observed  in  the  chyle ;  from  being 
mingled  with  the  red  globules  they  are  not  readily  observed. 

§  82.  In  the  white  blood  of  the  invertebrate  kingdom, 
globules  are  also  found,  but  different  from  those  described; 
the  size  varies  much  in  the  same  individual,  and  their  surface 
has  a  raspberry  appearance ;  their  form  is  generally  spherical, 
but  neither  a  central  nucleus  nor  external  envelope  is  to 
be  seen. 

§  83.  Composition  of  the  Blood. — The  composition  of  the 
blood  is  very  complex.  In  the  higher  animals  we  find  wat^r, 
albumen,  fibrin,  a  colouring  matter  containing  iron,  a  yellow 
colouring  matter,  several  fatty  substances,  as  cholesterine,  cere- 
brine  (a  substance  containing  phosphorus);  many  salts, 
as    chloride   of   sodium   or    sea    salt,    sulphate   of  potass, 

*  Fig.  28.  Elliptic  globules  of  the  blood  in  birds,  batrachia,  and  flshes ; 
— a,  globules  of  the  blood  in  the  domestic  fowl,  seen  in  profile ; — b,  globules 
of  the  blood  in  the  frog ;  c,  globules  of  the  blood  in  a  nsh  of  the  shark  kind 
(equally  magnified) . 
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carbonate  of  soda,  hydrochlorate  of  potass,  hydrochlorate  of 
ammonia,  the  carbonates  of  lime  and  magnesia,  with  phos- 
phates of  soda,  lime,  and  ma^esia ;  the  lactates  of  soda,  the 
alkaline  salts  formed  by  the  fatty  acids ;  finally,  free  carbonic 
acid,  nitrogen,  and  oxygen.  But  this  complexity,  great  though 
it  be,  is  yet  below  the  reality,  for  there  certamly  exist  other 
substances  in  the  blood  which  chemistry  cannot  demonstrate, 
by  reason,  probably,  of  our  imperfect  means  of  analysis.  By 
arresting,  for  example,  the  secretion  of  the  urine  from  the 
blood,  various  matters  will  then  be  found  mixed  with  the 
blood  which  could  not  be  previously  detected,  but  which  are 
presumed  to  have  been  present  under  the  same  or  other  un- 
known forms. 

The  substances  enumerated  as  entering  into  the  compo- 
sition of  the  blood,  compose  nearly  all  the  parts  of  the  animal 
economy :  the  albumen  forms  the  basis  of  many  tissues,  the 
fibrin  is  the  constituent  part  of  the  muscles;  and  the  salts 
enter  into  the  composition  of  the  bones  and  of  many  hu- 
mours ;  and  from  the  whole  of  the  facts  known,  it  may  be 
safely  concluded,  that  the  materials  destined  to  become  flesh, 
bile,  urine,  &c.,  already  exist  in  the  blood,  the  organs  which 
are  to  appropriate  them  merely  drawing  them  from  the  blood, 
but  not  forming  them :  and  thus  there  exists  some  reason 
for  calling  the  blood,  liquid  flesh, 

§  84.  The  proportions  in  which  these  constituent  parts  of 
the  blood  exist,  vary  much  in  different  animals ;  and  as 
regards  the  solid  and  liquid  elements,  they  may  differ  in  the 
same  individual  at  different  times.  In  man  the  globules  are 
more  numerous,  and  the  watery  part  less  than  in  woman; 
temperament  also  exercises  some  influence  in  this  respect. 
In  100  parts  of  the  blood  in  man,  we  find  79  parts  of  water, 
19  of  albumen,  1  part  of  salts,  with  some  traces  only  of  fibrin 
and  colouring  matter.  In  birds,  the  proportion  of  water  in 
fhe  blood  is  less;  but  in  the  batrachia  and  in  fishes  the 
amount  is  greater  In  the  frog,  for  example,  there  are  88 
parts  of  water  in  100  of  the  blood. 

Analogous  differences  are  observed  in  comparing  the  relative 
qualities  of  the  serum  and  globules  of  the  blood  in  different 
animals;  while — ^as  we  shall  subsequently  see — there  exists  a 
remarkable  relation  between  the  amount  of  the  globules  and 
the  animal  heat.  Birds,  of  all  animals,  have  the  blood  richest 
in  red  globules,  and  in  them  the  animal  heat  is  greatest. 
Mammals,  less  warm  than  birds,  have  from  7  to  12  per  cent.. 
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wlulst  in  reptiles  and  fishes,  the  proportion  does  not  exceed 
5  or  6  per  cent,  of  the  whole  weight  of  the  blood. 

§  86.  Coctgulation  of  the  Blood,  —  In  its  ordinary  con- 
dition the  blood  is  always  fluid:  withdrawn  from  the  vessels 
of  the  living  animal,  and  lefb  for  a  time  to  itself,  it  separates 
into  two  portions,  a  semi-solid  mass  and  a  liquid  portion, 
in  which  the  mass  floats;  the  solid  part  is  called  the 
clot. 

This  phenomenon  (the  formation  of  the  clot)  is  due  to  the 
presence  of  fibrin  in  the  blood ;  it  is  held  in  solution  in  the 
serum  during  life,  but  when  this  loses  its  influence  over  it, 
it  solidifies,  inclosing  with  it  the  red  globules,  and  thus  forming 
the  red  gelatinous  mass  called  the  clot.  The  simple  experiment 
of  beating  up  the  blood  with  little  rods  as  it  flows  from  the 
veins,  and  thus  removing  the  fibrin,  which  adheres  to  the 
rods,  proves  that  the  coagulability  of  the  blood  depends  on 
the  presence  of  this  substance. 

Mother  experiment  equally  simple  shows  that  the  fibrin  is 
contained  in  tne  serum,  and  not  in  the  red  globules,  as  was 
long  supposed.  Throw  on  a  filter  the  blood  of  a  frog; 
all  the  serum  may  be  made  to  pass,  and  the  globules  retained ; 
in  the  serum  thus  separated  from  the  globules,  a  clot  is 
formed,  which,  however,  is  colourless. 

§  86.  Use  of  the  Blood, — ^The  blood  is  the  special  agent 
of  nutrition,  and  the  general  restorer  of  what  is  lost. 

§  87.  But  in  addition,  it  is  proved,  by  the  simple  experi- 
ments of  bloodletting  and  of  transfusion,  to  form  an  essential 
stimulus  for  the  performance  of  the  frmctions  of  life.  By 
severe  bloodletting  or  loss  of  blood  we  become  enfeebled  and 
seemingly  dead;  but  if,  before  this  happens,  the  blood  of 
another  animal  be  transfrised  into  the  vems  of  the  sufiering 
individual,  the  vitality  is  restored.  The  importance  of  the 
globules  is  also  proved  by  the  same  experiment,  for  if  simple 
serum  be  so  transfused,  death  takes  place. 

The  fibrin  of  the  blood  also  plays  an  important  part,  for 
M.  Magendie  has  shown,  that  when  blood  deprived  of  its 
fibrin  is  injected  into  the  veins  of  a  dog,  the  animal  dies  with 
symptoms  resembling  those  of  putrid  fevers. 

§  88.  The  influence  of  the  blood  over  nutrition,  may 
also  be  readily  demonstrated.  Withdraw  the  blood  more 
or  less  from  any  organ,  and  it  gradually  wastes  away 
in  proportion  to  the  quantitnr  withfiawn;  on  the  contrary, 
the  greater  size  of  the  muscles  in  those  who  employ  them 
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actively,  and  hence  draw  to  tKem  a  lai^r  amount  of  blood, 
is  well  known. 

§  89.  The  blood,  by  thus  acting  on  the  organs,  loses  its 
nourishing  properties.  It  reaches  them  of  a  bright  vermilion 
colour ;  as  it  leaves  them  it  is  dark  and  sombre'-coloured,  and 
has  lost  its  qualities  of  maintaining  life.  But  the  blood  thus 
altered  has  its  vital  properties  restored  by  being  exposed  to 
the  atmosphere.  This  important  function  is  called  Eespira- 
tion.  The  blood  which  has  been  exposed  to  the  air  is  called 
arterial:  that  which  has  already  acted  on  the  organs  is 
called  venous;  it  is  chiefly  distinguished  by  its  dark  colour. 

CIECULATION   OF  THE  BLOOD. 

§  90.  The  circulation  of  the  blood  in  man  and  mammals 
was  discovered  by  Harvey  in  1619. 

In  order  to  nourish  all  the  parts  of  the  body,  it  is  neces- 
sary that  the  blood  should  be  conveyed  to  these  parts  by  means 
of  vessels ;  and  that,  to  circulate  in  these  vessels,  there  should 
be  a  power  or  organ  equal  to  the  production  of  such  a  move- 
ment. But  it  is  also  necessary,  in  the  higher  animals,  that 
the  blood  should  be  passed  through  the  respiratory  organs,  in 
order  to  be  exposed  to  the  action  of  the  air ;  hence  the  necessity 
of  a  circulation  of  theblood  through  the  lungs,  as  well  as  through 
the  body,  and  hence  a  pulmonary  circulation  and  a  systemic. 

§  91.  ApparattLS  of  the  Circulation. — In  certain  of  the 
lower  animals,  the  air  penetrates  into  the  tissues  through 
pores  situated  on  the  surface  of  the  body;  but  in  all  the 
higher  animals,  and  in  manv  of  the  lower,  there  exists  a  very 
complex  apparatus  for  the  circulation  of  the  blood :  1.  A  sys- 
tem of  tubes  or  canals,  destined  to  convey  the  blood  into  the 
various  parts  of  the  body.  2.  Ah  organ  destined  to  put  this 
fluid  in  motion.    In  other  words,  bloodvessels  and  a  heart. 

The  heart  is  the  centre  of  the  circulatory  apparatus ;  it  is 
a  pouch  or  bag,  more  or  less  complex,  into  which  the  blood  is 
returned  by  the  veins,  and  from  which  it  passes  to  the  body, 
thus  constantly  circulating.  It  is,  in  fact,  a  forcing-pump 
placed  at  the  centre  of  the  circulatory  system. 

Most  animals,  from  man  to  the  spider,  have  a  heart ;  but 
the  arrangement  differs  in  the  various  classes  of  animals. 

The  bloodvessels  are   of  two  kinds:    1.  Arteries,  which 
convey  the  aerated  blood  into  the  various  parts  of  the  body 
2.  Veins,  which  re-convey  the  blood  to  the  heart  from  the 
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body.     The  arterieB,  proceeding  from  the  heart,  divide  md 

snbdiride  in  their  course  aa  they  proceed,  until  they  become 

eiceedingly  smftll ;  the  veina  follow  a  different  course ;  they 

commence  by  extremely  fine  roots,  and   collect   into   lorKS 

branches  and  trunkB  as  the;  proceed  towards  the  heart.  In 

tlie  arteries,  the  motion  of  the  blood  ie  from  the  heart  j  and 

in  tlie  yeiuB,  towards  the  heart     The  arteries  terminate,  and 

the  veins  commence,   in  a  fine   network  of  veaaels  formed 

by  both;  the    vesBels  composing  this 

network    are    called    capillary.      The 

heart   being  thua  placed  between  the 

tarmination    of   the    veins    and    the 

commencement  of   the    arteries,   the  ° 

movement  of  the  blood  in  man  and 

higher    animals   is  a  complete  circle, 

the    blood   always   retunung    to  the 

point  fror        ' '  ' 

it    has  be 

the  hlood. 


the  blood  always  retunung  to  the 
point  from  which  it  »tartM;  hence 
it    has  been  called  the  cireulation  of 


of 


In  all  animals  in  which  the  respira- 
tion is  performed  by  a  special  organ, 
the  blood  is  sent  to  it  from  the  heart, 
and  retiree  from  it  by  a  special  system 
of  canals;  the  circulation  thus  esta- 
blished is  called  the  respiratory  or  the 
letter  ctrculatirm,  whilst  that  through 

the  body  is  called  the  ff-^eaim-      We     j^  2B.-CpilU.7  V«. 
shall  consider,  first,  the  circulation  m       »iaiii  tbeFoot  of  tbe 
man,  and  this  will  serve  as  a  standard        ^"t' 
of  comparison  with  others. 

VeteripluM 

§  92.  l%e  Heart — In  man,  and  all  animals  similarly  or- 
ganized, the  heart  is  lodged  between  the  lungs  and  in  the  cavity 
of  thecheat  called  by  anatomists  the  (^oroa:  (Figs.  4  and  49); 
its  lower  eitremity  is  directed  somewhat  obliquely  towai'ds 
the  left  side  and  forwards ;  and  its  upper  eitremity,  from 
which  spring  the  great  vessels,  is  filed  to  the  neighbouring 
parts,  nearly  in  the  mesial  plMie  of  the  body.     Throughout 


the  re»t  of  ito  extent  the  heart  n  free,  but  is  surrounded  by  a 
fibro-seroud  membrane,  called  the  pericardium,  which  not 
merely  forms  a  shut  sac  for  cout^niuK  tlie  heart,  but  gives  to 
its  surface  a  smooth  covering,  by  which  it  ia  enabled  to  move 
freely  in  the  cavity  so  formed;  an  aqueous  fluid,  the  liquor 
pericardii,  lubricates  it  at  all  times.* 


Fig.  30.— Longs,  Heui,  and  PrincipBl  Tesseli  in  Xin.i 

The  general  form  of  the  heart  is  that  of  a  cone  or  irr^ular 
pyramid  reversed;  it  is  almost  wholly  flesh,  hollow,  and  in 
man  about  the  size  of  the  closed  hand  or  flst.  In  aU  the 
mammalia  and  in  birds  the  heart  is  composed  of  four  cavi- 
ties,— namely,  a  right  auricle  and  ventricle,  and  a  lefl  auricle 
and  ventricle;  these  are  separated  from  each  other  by  a 
vertical  septum  (Fig.  31),  cutting  off  all  communication  be- 
tween those  of  the  right  side  and  those  of  the  lefr. 
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Each  aiuicle  communicatcH  otij  with  its  corresponding 
ventricla  (Fijjs.  31  and  34). 

The  two  ventricluB  occupy  the  lower  part  of  the  heart,  and 
do  not  communicate  with  each  other,  but  with  theii  cor- 
responding auricles.  The  orifices  are  called  the  auriculo- 
ventrioukr  orifices,  rig-ht  and  lett.  The  left  cavities  of  the 
heart  contain  arterial  blood ;  the  right,  venous.  The  auricles 
having  to  propel  the  blood  only  into  the  ventricles,  are  not  ao 
Seshy  in  their  walls  as  the  ventricles;  and  of  these  the  lelt  Ja 
much  the  stronger,  as  it  has  to  drive  the  blood  through  the 
whole  bod;  excepting  the  lungs ;  whilst  the  right  ventricle 
merely  propels  it  through  the  lungs. 


Veni  Can  Bap,  i 


Triciupid  Valve. 


Fig.  31.— TliwretiadSectiDnDftliBHeutliiHtui. 

§  93.  The  Bloodvetseli. — These  vessels  are  divided  into 
arteries  and  veins.  The  walls  of  these  tubes  are  formed  of 
membranea  or  tiasuea.  In  the  arteries  there  are  three  tissues : 
the  inner,  continuous  with  the  inner  membrane  of  the  heart, 
resembles  the  serous  memhranea;  the  middle  tissue  is 
fibrous  and  elastic ;  the  outer  tissue,  cellular  and  also  elastic 
The  fibres  of  the  middle  tissue  are  disposed  circularly.  In 
the  veins,  the  middle  tiasue  is  not  ao  distinct,  being  composed 
merely  of  fibres,  irregularly  disposed;  these  are  soil,  eiten- 
sible,  and  longitudinal.  Thus  the  physical  properties  of  the 
veins  and  arteries  differ  widely.  The  veins  have  thin  walls, 
whk^h  collapse  when  the  vessels  are  empty ;  and  thej   heal 
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Fig.  Si.— Art«u1  SyiCem  in  Hitn 
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easily  when  wounded.  On  the  contrary,  the  arteries  when 
cut  across,  remain  open,  and  when  wounded  do  not  heal  so  per- 
fectly ;  in  order  to  close,  they  must  be  obliterated,  either  by 
pressure  or  by  the  use  of  the  ligature, 

§  94.  Arterial  System. — From  a  single  artery  called  the 
aortia,  springing  from  the  left  ventricle  of  the  heart,  all  the 
arteries  of  the  body  arise.  It  must  be  borne  in  mind  that  the 
artery  called  the  pulmonary  springs  from  the  right  ventricle, 
and  carries  the  venous  blood  to  the  lungs.  The  accompanying 
figure  (32)  explains  perfectly  the  course  of  this  great  artery 
(the  aorta),  from  its  commencement  in  the  heart,  to  its  ter- 
mination ;  also  of  all  the  great  branches  which  arise  from  it. 

§  95.  VeTwvs  System, — The  veins  originating  in  the 
capillary  vessels,  in  which  the  arteries  terminate,  follow 
pretty  nearly  the  course  of  the  arteries ;  but  they  are  more 
numerous  and  more  superficial.  Many  are  situated  imme- 
diately beneath  the  skin,  imbedded  in  the  superficial  fascia 
of  the  body.  Others  follow  the  course  of  the  art«ries>  to  ter- 
minate however  at  length  in  two  large  trunks,  which  empty 
themselves  into  the  right  auricle  of  the  heart  (Fig^  30).* 

The  veins  of  the  intestines  present  this  remarkable  anomaly 
— that  they  unite  into  a  single  trunk,  which,  instead  of  joining 
the  venous  system,  directly  proceeds  towards  the  liver,  and  is 
ramified  through  that  organ  after  the  manner  of  an  artery ; 
but  the  veins  which  leave  the  liver  unite  with  the  vena  cava 
inferior  before  that  vessel  enters  the  right  auricle. 

§  96.  Lesser  Circulation^ — The  venous  blood  conveyed 
into  the  right  auricle  by  the  two  cavse  and  by  the  coronary 
vein,  passes  from  this  auricle  into  the  right  ventricle,  and  by 
its  action  is  driven  along  the  pulmonary  artery  into  the  lungs 
(Figs.  30  and  31).  The  latter  vessel  is  called  an  artery, 
although  it  carries  only  venous  blood.  In  the  right  lung  it 
divides  into  three  branches,  and  in  the  left  into  two ;  thus  cor- 
responding as  it  were  with  the  number  of  the  lobes  of  each  lung. 

§  97.  The  pulmonary  veins,  as  they  are  called,  carry  back 
from  the  lungs  the  whole  of  the  blood  which  has  been  conveyed 
to  these  organs  by  the  pulmonary  artery.  In  the  capillary 
system  of  these  vessels,  the  blood  has  been  in  the  mean 
time  aerated,  revivified,  and  arterialized,  and  fitted  once 
more  to  perform  its  part  in  renovating  the  organs  and 
maintaining  life.    From  the  left  auricle,  in  which  the  four 

*  A  smaller  vein,  called  coronary,  returns  the  blood  which  has  circulated  lA 
the  walls  of  the  heart  into  the  same  cavity. — B.  K. 

e2 


Fig.  34.— yprtiral  Sectioaof  the  HeKrt,* 

*  TcDDiu  ovitiea  of  the  li«ut,— 1.  iDWrior  of  [he  ri^t  imtriek.  •haw. 

inE  thoflnhj  mluiniift  atrenfflheiiiiig  iM  nlk.    2.  PartioD  of  the  tricuspid 

vIoHS  Ihs  Hpertura  teodiDg  into  the  auride :  Ifae  teodinoiu  cords  attached  to 
the  flue  sdgei  of  tlie  lalre  prerent  it  retunuDg  too  Itt  lovude  the  uuide, 
Uu«  tendoDB  bcine  kttwhed  b^  their  other  eilreniiliee  to  the  Btah^  nlDmna 
and  le^r  walla  ortheTentricle.  3.  Caiitr  of  the  right  aaride.  i.  Fleehj 
whunu  stniigthening  the  walla  of  the  citi^.  S.  Otitte  of  the  gnat 
eorouafT  Teia  returaiog  the  blood  froni  the  tjune  of  the  heart  itself  to  the 
oaii^ (f  the  loride.  7  &  8.  Foeaa  oialis,  ialhe  bottiHDof  whidiiu^  beaeen 
the  remainsoftheopoDinffbj  which,  in  the  fottuB,  the  two  aurldeB  coimmmi- 
oateddireetlfwiUi  each  other.  g.Orifloeoftbe  TenacaTasapeFior.  1~ 
nf  thp inRnioT cava.  11.  ThegreatarterjcalledaDrta.  12,  ll.Thepi 
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piilmonarv  vems  terminate,  the  blood  paeses  into  the  left  ven- 
tricle, ana  by  itB  powerful  action  is  dnvea  through  the  aorta 
and  its  branches  into  all  flirts  of  the  body,  to  return  once 
more  by  the  veins  to  the  nght  auricle  of  the  heart  Thns  is 
completed  the  double  circulation  in  man,  mammala,  and  birds. 

Mechanitm  of  the  Circatation, 
§  98.  Movetaenis  of  the  Seart.— The  canities  of  the 
heart  being  muscular,  contract  and  dilate:  the  dilatation  is 
called  the  diastole*  tbe  contraction,  ™(oie.f  As  the  auricles 
of  the  heart  dila(«,  they  receive  the  blood,  the  right  that  of 
the  body,  the  left,  that  which  is  returning  from  the  lungs ; 
when  ftll,  they  contract  on  their  contents,  forcing  the  blood 


much  influenced  by  various  circumstanceB,  such  as  exercise, 
disease,  t&c.  The  number  of  these  contractions,  usually  felt 
in  the  radial  artery  at  tlie  wrist,  varies  with  years ;  they  are 
most  frequent  in  the  young,  and  average  about  seventy  in 
the  adult,  at  noon.  They  are  affected  by  every  change  in  the 
position  of  the  body. 

§  99.  Fasiaae  of  the  Blood  into  the   Cavitiet  of  lie 

Heart.  —  This  has   been   already   de- 
scribed, but  may  be  thus  again  briefly  " 
adverted  to.      The   blood   having  an  y 
arterial    cLaracter,    returns   i'rom    the 
lungs   into  the  left  auricle.     This  au-  ,, 
ricle  communicates  with  the  left  ven-  ^ 
tricle,  by   an  opening  called  the   left 
auriculo-ventriculat  aperture,  through 
which  the  blood  flows  from  the  auricle   ' 
into  the  ventricle.       In  thin  pass^e                 . 
is  placed  a  valve,  called  mitral,  permit-    _    „  _g^       ■  .u^ 
ting  the  blood  to  pass,  but  not  to  re-             'Ktari.t"' 
turn.     The  arterial  blood  now  collected 
in  the  ventricle  is  acted  on  by  this  fleshy  cavity,  and  forced 
*  From  CuurTiAAg,,  I  dilute.                        t  From  aturtctJiia.  I  ecclote. 
I  Theorotic  «Mtion  of  Ihe  hMit,  to  show  the  mwhsnijin  of  Ibe  pUj  of  Ihe 
raliM  :  o,  auricle  reMiiiog  the  seini  >  ej— 1,  vcntncle   B*p«rated  from  Ihe 

.uricle  hjr  ihe  i«l»u]es  c ;— d,  flojhy  bridlea  or  st«ri  of  xime  valvules : 
'  —■ ^-jing  from  the  ■ontricfe  ;— j,  tmlvidea  aitnaled  gt  Ihe  enlrani* 


S'ii 


iiito  the  aorta ;  at  the  entrance  of  the  aorta  are  three  valves, 
the  semilunar,  permitting  the  blood  to  flow  Ireelj  into  the  artery 
but  not  t*  return  into  the  ventricle;  diatribnted  by  the  aorta 
aud  its  branches  to  every  part  of  the  body  and  to  the  fleshy 
walls  of  the  heart  itielf,  the  blood  is  taten  up  bv  the  venous 
capillaries,  and  returned  to  the  right  auricle  by  the  two  venie 
cavie  and  coronary  vein ;  collects  in  this  auricle  it  is  strictly 
venous  blood,  but  has  already  received  the  product  of  diges- 
tion. From  this  auricle,  and  by  its  action,  the  blood  is  driven 
through  the  right  auriculo-ventricular  orifice  into  the  .right 
ventricle;  the  tricuspid  valve  permits  it  to  pass  into  the 
ventricle,  but  not  to  return.  By  the  action  of  this  ventricle 
the  blood  is  forced  into  the  puunonary  artery,  and  by  it  to 
the  lungs,  thence  to  be  returned  to  the  left  auricle  (aerated) 
by  means  of  the  pulmonary  veins.  At  the  entrance  of  the 
pulmonary  artery  there  are,  as  in  the  aorta,  three  xemilunar 
valves,  permitting  the  blood  to  pass  freely  into  the  artery, 
but  not  to  return.  From  the  mechanism  done  of  the  valves 
alluded  to,  the  circulation  of  the  hlood  might  easily  have 
been  foretold. 


,  oblitemud  by  Ihe  Iricniind  n 
I,  leii  HurkulD-TFntriouUi  orifi 
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§  100.  Course  of  the  Blood  in  the  Arteries, — Contrary 
to  what  might  have  been  expected,  the  blood  flows  in  the 
arteries  in  a  continued  stream,  and  with  considerable  force. 
This  is  due  chiefly  to  the  action  of  the  heart  itself,  but  partly 
also  to  the  elasticity  of  the  arteries  themselves.  The  influence 
of  the  elasticity  of  the  walls  of  the  arteries  on  the  passage  of 
the  blood,  is  proved  by  placing  two  ligatures,  at  a  certain 
distance  from  each  other,  on  a  l^ge  artery  in  a  living  animal, 
and  then  puncturing  the  vessel  at  any  point  between  the 
ligatures.  The  blood  contained  in  this  insulated  portion  of 
the  vessel  is  thrown  out  of  it  with  considerable  force.  Thus, 
by  means  of  the  elasticity  of  the  arteries,  the  jet  of  blood,  or 
the  intermittent  movement  impressed  on  the  blood  by  the 
action  of  the  heart,  is  transformed  into  a  continuous  flow  or 
stream.  In  the  capiDaries,  it  is  presumed  that  the  blood 
flows  on  by  this  means  alone ;  but  some  suppose  them  to  be 
muscular. 

§  101.  Thus  the  left 
cavities  of  the  heart  per- 
form the  function  of 
a  double  forcing-pump 
(Fig  36),  so  arranged, 
that  the  two  pistons  al- 
ternate in  their  move- 
ments; thus  the  liquid 
chased  from  the  first 
body  of  the  pump  (a) 
is  introduced  into  the 
second  (&),  without  being 
able  to  retrace  its  steps, 
and  is  thrown  by  this 
second  pump  into  the 
canal  (f)  representing 
the  arterial  system. 

§  102.  When  the  finger  is  gently  pressed  against  an 
artery  resting  on  a  firm  sur^uie,  as  a  bone,  an  impulse  or  jet 
is  felt  to  strike  the  finger  regularly.   This  is  due  to  the  action 

*  a,  body  of  the  pump  representing  the  auricle,  and  receiving  the  liquid  by 
the  caual  c;  6,  body  of  the  pump  representing  the  ventricle;  <f,  canal  of 
communication,  representing  the  auriculo' ventricular  orifice,  furnished  with  a 
sucker  permitting  the  fluid  to  pass  from  a  to  hf  but  opposing  its  return ; 
0,  the  sucker  or  valve,  situated  at  the  opposite  onflce  ox  the  pump  6,  repre- 
senting the  semilunar  valves  of  the  aorta,  and  having  the  same  action  as  the 
preceding  valve  or  sucker ;  f,  canal,  representing  the  aorta. 


Fig.  36.* 
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of  the  left  ventricle  od  tiie  fluid,  and  ia  a  phenomenon  produced 
in  a  great  measure  by  the  pressure  eiercised  bj  the  fiDger. 
It  is  called  the  palse,  and  \B  most  usoallT  felt  at  the  wrist 
(Fig.  32),  tile  radial  arterj  being  favourably  placed  in  this 

§103.  Tbehlood  doesnotreach  allthe  organii  with  the  aame 
BwiftnesB.  Disttmce  from  the  heart  ia  one  cause ;  but  it  is  not 
the  only  one.  The  arteries  run  mostlyin  a  tortuons  manner, 
and  this  causes,  as  ia  well  known,  a  retardation  of  the  fluid 
circulating.  By  a  vaat  increase  of  minute  branches,  the  blood 
is  spread  into  many  channels ;  hence  arises  another  ctmse  of 
retardation  as  regards  the  arteries.  Finally,  Nature,  all  fore- 
seeing, provides,  by  numerous  anatlomoiex  or  junctions  of 
the  vevsols,  for  any  accidental  stoppage  or  obliteration  of  the 
larger  or  smaller  trunks. 

§  104.  Caarteofthe  Venout  Blood. — The  blood  passes, 
^  means  of  the  capUlaiies,  irom  the  arteries  into  the  veins. 
The  impulsion  it  first  receives  from  the  heart  determines 
its  course  in  the  veins.  This  ia  proved  experimentally,  by 
placing  a  Ugatnre  on  the  artery  supplying  certain  veins,  and 
thus  cutting  off  tbe  action  of  the  heart;  the  hEemorrhage 
from  a  punctured  vein  will  cease,  even  although  the  vem 
be  full  of  blood,  and  will  return  when  the  action  of  the 
heart  is  allowed  to  influence  it,  by  removing  the  ligature  from 
the  artery, 

■  But  there  are   other  circum- 

stances influencing  the  motion  of 
the  blood  in  the  veins.  These 
vessels,  and  more  especially  those 
of  the  limbs,  are  provided  with 
valves  (b),  permitting  the  blood 
•b  to  flow  towards  the  heart,  but 
i  preventing  its  reflux  toward  the 

capillaries.  Every  intermitfenl 
compre»sion  t^  these  vessels  eon- 
tributes  /a  the  return  of  the 
blood  to  the  heart. 

g  105.  The  dilatation  of  the 
chest  caused  by  respiration  facili- 
tates the  return  ol  the  blood  to- 
Fig,37,— V(in,  1iudop«ii,       wtuds  the  heart.     Bv  expiration 
the  movement  of  the  blood  in  the 
veins   is  momentarily  interrupted;  and   the  doable  motion 
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observed  iu  the  brain,  when  a,  portion  of  the  skull-cap  has 
been  remoTed,  is  due  partly  to  respiration,  partly  to  the 
resistance  which  the  baae  of  the  brain  offers  to  the  dilata- 
tion of  the  arteries  situated  between  the  base  and  the  skull. 

§  106.  The  course  of  the  venous  blood,  and  the  me- 
chanism of  the  cavities  through  which  it  passeti  from  the 
veins  to  the  lungs,  by  means  of  the  right  auricle,  ventricle, 
and  pulmonary  art«ty,  has  been  already  described.  In  the 
capillaries  of  the  pulmonary  artery  the  blood  is  changed  into 
arterial,  and  so  returns  by  means  of  the  pulmonary  veins  to 
the  left  auricle  of  the  heart. 

Cour»e  of  the  Blood  tn  Different  Animah, 

§  107.  Mamynalt  and  Sirdi. — The  circulation  in  these 
two  classes  of  animals  is  the  same  (38).  It  is  what  is  called 
a  double  circulation,  the  blood  passing  through  two  sets  of 
capillaries — one  belonging  t«  the  body,  the  other  to  the  lungs ; 
the  former  serving  lor  tne  nutrition  of  the  body,  the  latter 
for  the  aeration  of  the  blood.     This  kind  of  circulation  haa 


SnuUfl' CimlMioi 
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Smaller  Circulation. 


Branchio-Cardiac 
Canals. 


Heart. 


Arteries. 


Greater  Circulation. 
Fig.  41. — Crustacea. 
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also  been  called  complete,  which  means  that  the  whole  of  the 
blood  circulates  through  the  lungs  before  being  restored  to 
the  body. 

Before  birth  there  exists  an  opening  between  the  right  and 
left  auricles,  by  which  the  blood  conveyed  to  the  heart  by  the 
vena  cava  inferior  passes  directly  into  the  left  auricle.  This 
blood  comes  mostlv  from  the  placenta.  The  pulmonary 
artery  also,  before  birth,  divides  into  three  branches  instead 
of  two,  as  in  the  adult;  the  centre  branch  passes  into  the 
aorta.  This  peculiar  mechanism  connected  witn  foetal  life  dis- 
appears soon  after  birth,  leaving  merely  traces  of  its  existence. 
§  108.  Reptiles, — In  this  class  the  circulation  is  not  com- 
plete. The  heart  has  only  three  cavities  instead  of  four,  as  in 
mammals  and  birds — ^namely,  two  auricles  and  one  ventricle 
(Fig.  39) ;  the  venous  blood  coming  from  the  various  parts  of 

*  In  all  these  figures  the  shaded  parts  represent  the  veins ;  the  parts 
simply  traced  represent  the  arteries  ;  the  dotted  circle  represents  the  heart. 
FinaUj,  the  arrows  point  out  the  direction  of  the  sanguine  current,  which 
is  the  same  in  all  the  figures. 


Fig.  4S.— Circnl^torj  AppMi 


thp  body  is  poured  by  the  right  auricle  into  the  single  ven- 
tricle, which  receivea  also  the  arterial  blood  from  the  left 
auritle— a  portion  of  this  miied  blood  is  returned  to   the 


Fig.  IS.-CircalsliDg  Appari 
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lungs,  and  the  rest  proceeds  to  nourish  the  body.  The  circu- 
lation in  reptiles  resembles  somewhat  that  of  the  foetus  of  the 
higher  classes  of  animals.  From  the  heart  (ventricle)  there 
proceed  two  arteries  or  ttortcB,  which,  after  having  each  fur- 
nished a  cross  or  arch,  one  to  the  right  the  other  to  the  left, 
reunite  to  form  a  single  trunk  (42).  In  some  reptiles,  the 
crocodile  for  example,  the  circulation  is  somewhat  different. 
We  shall  describe  it  when  speaking  of  these  animals. 

§  109.  Fishes. — In  fishes  the  circulation  may  be  said  to 
be  still  more  simplified.  The  heart  has  only  one  ventricle 
an^  one  auricle.  This  auricle  receives  only  venous  blood 
returned  to  it  from  all  parts  of  the  body.  From  this  cavity  it 
passes  into  the  ventricle,  from  which  springs  a  single  artery, 
having  at  its  origin  a  strong  arterial  bulb  (Fig.  4^).  Through 
this  single  artei-y  it  is  conveyed  first  to  the  gills,  and  ttie 
vessels  returning  from  these  unite  to  form  a  single  dorsal 
artery  (the  aorta),  by  whose  branches  the  blood  is  conveyed  to 
all  parts  of  the  body,  returning  by  the  veins  to  the  auricle 
from  which  it  started.  Nevertheless,  the  circulation  is  here 
complete,  since  all  the  blood  is  aerated  before  its  employ- 
ment in  nourishing  the  body  (Fig.  40,  p.  58). 

§  110.  Mollusca.  In  most  ol*  the  mollusca  the  circulation 
resembles  that  of  fishes,  but  the  heart  is  aortic  and  not  pul- 
monary— ^that  is  to  say,  it  is  placed  in  the  course  of  the  blood 
proceeding  from  the  respiratory  apparatus  to  the  body,  and 
the  venous  system  is  more  or  less  mcomplete.  The  heart  in 
these  animals  is  composed  usually  of  a  ventricle  (Fig.  44  h), 
whence  spring  the  arteries  (i),  and  of  one  or  two  auricles  in 
communication  with  the  vessels  (o),  which  cariy  the  arterial 
blood  from  the  respiratory  apparatus  (rf),  which  this  liquid 
reaches  by  venous  canals  more  or  less  complete  {n).  This  is 
the  case  in  snails,  oysters,  and  all  the  class  gasteropoda  and 
acephala;  but  sometimes  there  exist  no  auricles,  and  a  kind 
of  venous  hearts  is  found  altogether  distinct  from  the  aortic 
ventricle,  and  situated  at  the  base  of  the  respiratory  organs  ; 
this  takes  place  in  the  sepia,  and  other  cephalopoda.  How- 
ever it  may  be,  the  arterial  blood  in  all  these  animals  tra- 
verses the  heart,  then  proceeds  to  all  the  parts  of  the  body, 
and  is  afterwards  directed  towards  the  respiratory  organs. 
But  in  this  latter  part  of  its  course,  the  blood  is  not  always 
contained  in  vessels  properly  so  called.  Sometimes  the  veins 
are'  altogether  wanting,  their  place  being  supplied  by  lacunae, 
or  void  spaces  filling  up  the  intervals  of  the  organs ;  at  other 
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timea  veitii  exht  in  Bome  parta  of  the  body,  whilst  elsewhere 
in  the  same  animal  their  place  is  supplied  b;  venous  csnals, 
having  no  proper  tnnic,  but  consisting  merely  of  the  inter- 
organic  lacunie,  or  the  large  cavitipB  of  the  body,  as  the 
aMominal  cavity  {m  Fie.  44).  Finally,  the  blood,  after  having 
undergone  the  action  of  the  wr,  returus  to  the  heart  to  com- 
mence its  course  anew. 


Fig.  M.— CirculMorT  Appantui  in  ■  HoUuBk.* 

5  111.  Onutaeea. — In  lobsters,  crabs,  and  other  animals 
of  this  class,  the  blood  follows  the  same  course  as  in  the  mol- 
lusca;  only  the  heart,  destined  to  transmit  the  blood  to  all 
parts  of  the  body,  consists  of  a  single  ventricle  (Pig.  41),  and 
the  yeins  are  everywhere  replaced  byirre^olar  cavities,  which 
have  not  the  form  of  vessels,  and  which  constitute,  in  the 
neighbourhood  of  the  branchia,  a  sort  of  reservoirs,  called 
venous  sinuses  (Fig.  45).  The  venuiu  blood  thuti  bathes  aU 
the  organs;  but  the  nourishing  ttuid  is  once  mora  collected 

*  Aulomf  of  Ihe  Sosil.— «,  the  mouth;  bb,  Ihe  foot  i  e,  tho  nui; 
Jd,  the  lung;  c,  the  stomacli,  coisrod  ilxiie  bj  tbeulivur;  gluidB;  //,  iu- 
teatitie;  fl,  the  \ifer;  4,  the  benrt;  i,  oartm ;  j,  pABlric  art*ry:  I.  RepatlD 
utarj;  t,  »rt«7  of  the  fuot  i  imi*,  Abdominidckvily,  tuppljinc  tb^kplwHof 
k  Tenon*  Hintis ;  KM,  irreeDlkr  csDal  m  communicAtion  wili  the  abdomiDU 
cavity,  andeMTying  the  bJood  to  the  loDg;   oo,  veuel  CAnTing  the  i>Lood 


into  vestela,  whence  it  proceeds  from  the  gills  to  the  heart.  The 
drcnjation  is,  consequently,  semi-THscular  and  Bemi-lacuoar. 


Fig.  4fi.— CirimlfttAiy  AppHTStuB  id  (W  Lobfltn-' 

§  112.  Insecti. — In  insects  the  blood  is  no   longer  con- 
tMned  in  any  particular  system  of  vesBcIs ;  there  are  neither 


/ 


==^ 


Kg.  46,— Circulation  in  Insccts.t 

□perioT  AbdominaJ  &rterr ; /,  fltprnaL  Artery  I  gff,  Teuoi 
^B  blood  comiDg  frum  vuionA  part*  of  the  bodj,  ud  tnm 
rPBpirfttory  appantui  |the  bmtdiir  A)^  from  wheDoe 

□t  ont  thfl  direotioD  of  the  currpnU  :—a,  dorflil  v«Ba«l, 
Teafrom behind forwardBi  A, pripoipal lateral cuneota. 
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arteries  nor  veins,  and  the  nourishing  fluid  is  spread  about 
ill  the  interstices  of  the  organs :  still  the  circulation,  such  as 
it  is,  is  animated  by  the  action  of  a  vessel  called  dorsal,  situ- 
ated in  the  mesial  plane  of  the  body  above  the  digestive  tube 
(Fig.  46).  We  shall  consider,  further  on,  the  route  followed 
by  the  blood  in  the  organism  of  those  animals  with  a  lacunar 
circulatory  apparatus. 

§  113.  Trorms, — In  the  worms  of  the  class  annelides  (such 
as  the  leech  and  earth-worm)  there  exists,  on  the  other  hand, 
a  complete  vascular  apparatus;  but  generally  there  is  no 
heart,  properly  so  called,  and  the  blood  is  set  in  motion  by 
movements  of  the  vessels  themselves,  by  contractions  of  the 
principal  vessels.  Thus  the  course  of  the  blood  is  much  less 
regular  than  in  the  various  animals  of  which  we  have  just 
spoken,  and  frequently  the  direction  is  not  constant. 

§  114.  Zoophytes  — There  exists  even  in  some  zoophytes, 
as  in  polyps,  a  kind  of  circulation,  produced  by  the  action  of 
the  vibratile  cilia  with  which  the  walls  of  the  cavity,  acting 
at  once  as  stomach  and  intestine,  are  provided.  By  means 
of  these  cilia  the  contained  liquids  are  kept  constantly  in  mo- 
tion. This  cavity  is  sometimes  single,  but  in  some  it  sends 
branches  to  various  parts  of  the  body. 

§  116.  Su(;h  are  the  principal  modifications  hitherto  ob- 
served in  the  mode  by  which  the  circulation  of  the  blood  is 
effected  in  various  classes  of  animals.  Let  us  now  consider 
the  phenomena  which  happen  whilst  it  passes  through  the 
circulatory  apparatus. 

OF  THE  BESPIBATION. 

§  116.  The  arterial  blood,  by  its  action  on  the  living 
tissues,  loses  its  vital  properties,  which  can  only  be  restored 
to  it  by  being  exposed  to  the  action  of  the  air  whilst  tra- 
versing in  vessels  an  organ  adapted  for  this  purpose.  This 
process  of  aeration  is  called  respiration.  The  necessity  for 
this  is  proved  by  the  simple  experiment,  if  any  such  were 
wanted,  of  placing  an  animal  under  the  receiver  of  an  air- 
pump,  and  exhausting  the  air ;  in  a  certain  time  the  animal 
dies  asphyxiated.  Wherever  there  is  life,  whether  animal  or 
ve^table,  air  is  essential.  The  term  applies  equally  to  aquatic 
animals,  which  live  by  means  of  the  air  held  in  a  kind  of 
solution  or  mixture  by  the  waters  in  which  they  exist. 

§  117.  The  air  we  breathe,  and  which  is  essential  to  all 
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that  lives,  is  a  compound  fluid.  It  is  composed  of, — 1.  Watery 
vapour,  always  present  in  greater  or  less  quantities:  and 
2.  In  100  parts  of  pure  atmospheric  air :  there  are  20  of  oxy- 
gen, 79  of  azote  or  nitrogen,  with  some  traces  of  carbonic 
acid  gas.  Oft-repeated  chemical  experiments  have  proved 
that  it  is  the  oxygen  alone  which  maintains  life.  The  dis- 
covery of  this  singular  fact  we  owe  (1777)  to  Lavoisier,  a 
celebrated  French  chemist,  who  was  barbarously  executed 
during  the  French  Kevolution. 

§  118.  By  the  action  of  respiration  the  oxygen  is  with- 
drawn from  the  atmosphere,  and  disappears ;  in  its  place  we 
find  carbonic  acid  gas;  this  gas  is  not  respirable,  i.e.,  if 
breathed  it  destroys  life.  In  the  consumption  of  oxygen  and 
the  production  of  carbonic  acid  gas,  respiration  essentially 
consists. 

§  119.  Although  azote  or  nitrogen  be  not  a  vital  gas,  its 
presence  in  the  atmosphere  seems  necessary  to  dilute  the 
oxygen  ;  and  it  has  been  observed,  that  a  certain  quantity  of 
azote  is  absorbed  and  given  out  in  the  act  of  respiration. 

§  120.  Finally,  there  escapes  with  the  fluids  expired  a 
certain  amount  of  vapour,  which  becomes  conspicuous  in  cold 
weather ;  this  vapour  is  called  pulmonary  transpiration. 

§  121.  It  is  whilst  passing  through  the  capillaries  of  the 
lungs  that  the  blood  loses  its  dark  venous  hue,  and  becomes 
of  a  bright  vermilion  arterial  colour.  Many  experiments 
have  been  made  to  prove  that  which  seems  obvious  without 
any. 

§  122.  Theory  of  Respiration. — What  becomes  of  the 
oxygen  which  has  disappeared,  and  what  is  the  source  of  the 
carbonic  acid  gas  uniformly  found  as  a  product  of  respiration  ? 
The  strong  •  analogy  existing  between  the  phenomenon  of 
combustion,  of  a  piece  of  charcoal  for  example,  and  respiration, 
induced  Lavoisier  to  conjecture  them  to  be  almost  identical 
processes ;  in  both,  the  oxygen  disappears,  carbonic  acid  gas 
is  formed,  and  heat  is  disengaged. 

But  this  theory  must  be  abandoned,  as  opposed  to  sub- 
sequent experiments  and  facts;  carbonic  acid  gas  exists 
already  formed  in  the  blood,  and  is  simply  exhaled  from  the 
surface  of  the  vessels,  whilst  the  oxygen  is  absorbed  into 
the  blood,  to  be  dissolved  in  it,  and  to  bestow  on  its  particles 
their  living  qualities,  characteristic  of  arterial  blood. 

§  123.  A  simple  experiment,  made  by  William  Edwards, 
suffices  to  place  this  matter  in  a  clear  light.     Place  in  a  close 
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vase  filled  with  nitrogen  or  azote,  a  frog ;  in  this  gas  the  frog 
can  live  for  a  considerable  time.  Now  ai>alyze  it,  and  you 
will  find  that,  although  deprived  of  oxygen,  the  animal  con- 
tinues to  give  out  carbonic  acid  gas.  There  can  then  be  no 
combustion,  as  Lavoisier  supposed. 

§  124.  In  fact,  the  blood  always  cx)ntains  carbonic  acid 
gas  dissolved  in  it ;  and  Magnus  has  shown  that  the  blood 
can  dissolve  a  certain  measure  of  any  gas  with  which  it  may 
be  brought  in  contact,  by  giving  out  a  portion  of  the  gas 
first  absorbed,  when  dissolving  a  portion  of  the  second. 
Thus,  by  shaking  blood  in  hydrogen,  a  certain  amount  of  gas 
is  absorbed,  and  a  certain  quantity  of  carbonic  acid  gas  is  set 
free.  The  same  happens  when  oxygen  is  used  instead  of 
hydrogen,  and  the  blood  assumes  an  ai*terial  character. 

§  126.  It  results,  indeed,  irom  numerous  experiments, 
that,  as  the  changes  observed  to  take  place  during  respiration 
equally  happen  to  blood  when  contained  in  a  bladder,  oxygen 
disappearing  by  being  absorbed  through  the  walls  of  the 
bladder,  and  carbonic  acid  gas  appearing,  which  must  have 
come  from  the  blood  and  equally  passed  through  the  walls 
of  the  bladder,  the  phenomena  of  respiration  must  in  a 
great  measure  be  chemical,  since  they  take  place  as  well 
in  blood  withdrawn  from  the  body  as  in  the  pulmonary, 
vessels. 

§  126.  What  happens  in  the  respiratory  act  seems  to  be 
as  follows:  the  venous  blood  coming  from  ail  parts  of  the 
body  reaches  the  lungs,  holding  in  solution  a  considerable 
amount  of  carbonic  acid  gas,  a  little  azote,  and  some  traces  of 
oxygen.  As  it  passes  through  the  lungs  it  comes  as  it  were 
in  contact  with  the  air,  and  dissolves  a  portion ;  oxygen  and 
a  certain  amount  of  nitrogen  are  thus  absorbed,  and  these 
gases  by  being  thus  taken  into  the  blood,  expel  a  certain 
amount  of  carbonic  acid  gas  and  of  azote ;  the  carbonic  acid 
gas  exhaled  equals  pretty  nearly  the  amount  of  the  oxygen 
absorbed;  the  azote  exhaled  and  absorbed  are  nearly  equal,  and 
in  addition  there  is  the  vapour  or  pulmonary  transpiration. 
Thus  the  blood  loses  carbonic  acid  gas,  azote,  and  water, 
whilst  it  becomes  charged  with  oxygen  and  azote ;  and  thus 
it  may  be  proved,  that  arterial  blood  holds  dissolved  much 
more  oxygen  than  venous  blood,  and  that  it  is  to  this  gaseous 
fluid  that  arterial  blood  owes  its  colour  and  qualities.  Respi- 
ration consists,  then,  in  the  phenomena  of  absorption  and 
exhalation,  by  means  of  which  the  venous  blood,  coming  in 
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contact  with  the  atmospheric  air,  paits   with  it«  carbonic 
acid,  aod  becomes  charged  with  oxygen.* 

Aa  regards  the  source  of  the  carbonic  acid  gas  contained  in 
the  blood,  and  thus  exhaled  during  the  respiratory  act,  there 
is  reason  to  believe  that  it  originates  in  the  union  of  the 
oxygen  absorbed  with  the  carbon  of  the  organic  particles  in 
all  parts  of  the  body,  whether  contained  in  the  blood  or 
removed  firom  the  living  tissues.  The  essential  act,  then,  of 
respiration  seems  to  be  a  combustion  ^oing  on  in  the  depth  of 
the  tissues,  and  the  exchanges  effected  in  the  lungs  are  only  the 
preliminaries  to  this  work. 

Jj  127.  Activity  of  Respiration, — Eespiration,  essential 
1  life,  varies  in  activity  in  different  animals. 

Ill  birds  it  is  the  most  active;  they  consume  more  air  in  a 
given  time,  proportionally,  than  any  other  class  of  animals, 
and  they  soonest  die  asphyxiated  when  deprived  of  it. 

Mammals  have  also  a  very  active  respiration,  and  many 
experiments  have  been  made  to  determine  the  quantity  of 
oxygen  required  by  man  in  a  given  time.  Now  this  ha» 
been  found  to  vary  with  age  and  a  variety  of  circumstances  ; 
about  500  quarts,  or  rather  more  per  day,  may  be  assumed  to 
be  the  average.  Now,  oxygen  forms  only  21  per  cent,  of  the 
atmospheric  air:  hence  about  2750  quarts  of  air  are  required 
per  hour  for  the  support  of  this  respiration. 

Animals  of  the  inferior  classes  generally,  and  especiaUy 
those  living  in  water,  have  the  respiration  nmch  less  active. 

To  meet  this  enormous  consumption  of  oxygen,  which 
would  surely  end  in  the  destruction  of  life  on  the  globe  ii* 
not  obviated,  nature  employs  the  respiration  of  plants. 

Vegetables  absorb  the  carbonic  acid  gas  spread  through 
the  atmosphere,  and  under  the  influence  of  the  sun's  rays 
they  extract  the  carbon,  and  set  free  the  oxygen.  Thus 
animals  supply  carbon  to  vegetables,  while  the  latter  return 
oxygen  to  animals.f 

§  128.  There  exists  a  kind  of  relation  between  the  viva- 

*  It  is  right  to  observe,  that  the  quantity  of  carbonic  acid  gas  cont«ined  in 
the  blood,  though  small,  is  sufficient  to  account  for  the  volume  of  this  gas  set 
free  during  respiration.  Thus,  in  man  the  blood  contains  at  least  |th  of  its 
volume  of  gas,  and  as  the  quantity  of  blood  which  traverses  the  lungs  in  a 
minute  may  be  valued  at  250  cubic  inches,  about  fifty  cubic  inches  of  this 
gas  must  pass  in  the  same  time.  Now  the  highest  valuation  of  the  gus  giTen 
off  in  respiration  during  a  minute  does  not  exceed  twenty -{jeven  cubic  inches. 

t  It  might  be  supposed  that  the  air  of  cities  must  be  less  pure  in  respect 
of  tne  amount  of  oxygen  than  that  of  the  country ;  but  experiment  shows 
that  this  is  not  the  care. 
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eity  of  the  movements  of  any  animal  and  the  activity  of  its 
respiration,  which  may  be  estimated  by  comparing  the  move- 
ments of  a  frog  and  butterfly. 

§  129.  The  activity  of  the  movements  varies  also  in  the 
same  animal  according  to  the  circumstances  in  which  it  is 
placed;  and  it  may  be  established  as  a  general  rule,  that 
whatever  diminishes  the  vital  energies,  tends  to  diminish  the 
quantity  of  oxygen  absorbed  and  of  carbonic  acid  given 
out ;  and  vice  versd. 

Thus  in  young  animals  during  sleep  and  after  fatigue,  the 
respiratory  act  is  not  so  energetic  as  when  the  opposite 
circumstances  prevail.  Let  us  now  attend  to  the  organs  by 
which  this  important  function  is  carried  on,  and  their  various 
modifications  in  different  animals. 

Apparatus  of  Respiration. 

§  130.  In  animals  of  very  simple  organization  there 
exists  no  special  respiratory  organ.  They  absorb  the  air  b^^ 
the  general  envelope  of  the  body.  This  happens  also  in  the 
higher  animals,  and  even  to  man  himself;  but  in  all  the 
higher  animals  a  special  organ  is  provided  for  this  act ;  its 
vascularity  and  softness,  and  spongy  character  contrasting 
strongly  with  the  external  integuments  of  the  body. 

§  131.  Again,  these  organs  are  modified  according  as  the 
animal  is  aquatic,  properly  so-called,  or  terrestrial  and  aerial. 
In  the  fonner  the  organs  are  called  gills  or  branchise ;  in  the 
latter,  lungs  or  tracheae. 

§  132.  Organs  of  A  quatic  Respiration, — 'Gi  lis  vary  much 
in  their  form.  Sometimes  they  more  resemble  tults  or  tuber- 
cles, which  have  a  texture  softer  than  the  rest  of  the  skin, 
and  are  better  supplied  with  blood.  In  others^  these  organs 
are  composed  of  a  number  of  branched  filaments,  and  re- 
semble little  trees  or  vascular  branches  (  a  a  Fig.  47). 
Finally,  in  others,  they  are  formed  in  small  membranous 
lamellae,  disposed  like  the  leaves  of  a  book,  or  like  the  teeth 
^  of  a  comb.  The  first  of  these  arrangements  takes  place 
*in  many  marine  animals,  as  in  the  arenicola,  so  common 
on  the  coasts.  The  second  may  be  observed,  also,  in  several 
of  the  annelides  and  in  some  of  the  Crustacea.  Finally, 
the  last  is  common  to  most  mollus(M)us  animals  and  fishes. 

It  is  also  to  be  observed,  that  in  the  inferior  animals  the 
branchiae  are  mostly  situated  externally,  so  as  to  float  freely 
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ill  tlie  surrounding  viaier;  whilst  in  the  more  highly  organized, 

as  thi!  molluska  and  ifhes,  the  branchis  or 
^lls  are  enclosed  in  a,  eavity,  into  which  the 
water  has  free  access,  and  may  easily  be  re- 
newed. 

§  133.  Organs  of  Aerian  Jtespiratioa  : 
Respiration  tn  Air,-— The  organs  serving  for 
this  form  of  respiration  affect  sometimes  the 
fonn  of  trachete,  sometimes  of  lungs. 

The  tracheae  (Fig.  48)  are  vessels  which 
communicate  with  the  exterior  by  aperturen 
called  Higmaia,  and  ramify  in  the  depth  of 
the  Cleans.  They  convey  the  air  to  these 
oi^ans,  and  thus  the  function  of  respiration 
is  carried  on  in  every  part  of  the  body.  This 
"  mode  of  breathing  is  peculiar  to  insects  and  to 

some  arachnidie  (spiders), 

§  134.  The  lungs  are  pouches,  more  or  less 
divided  into  cells  or  cellules,  which  also  re- 
ceive air  into  their  interior,  and  whoi^e  walls  are 
traversed  by  vessels  containing  blood,  thus 
exposed  to  the  vivifying  action  of  the  air. 

There  exist  lungs,  hut  in  a  state  of  the 
greatestsimplicity, inmostaraign^es  (spiders); 
and  in  some  mollusks,  as  ia  snails.  Reptiles, 
birds,  and  mammals  also  have  lungs. 
'  §  IBS.  In  man,  as  in  all  mammals,  the 
lungs  are  lodged  in  a  cavity,  called  the  thorax, 
occupyine  the  uppr  part  of  the  trunk  {Fig.  4, 
p.  20).  Thefe  organs  are,  as  it  were,  suspended 
in  this  cavity,  and  are  enveloped  by  a  mem- 
brane or  membranes  (one  for  each  lung  in 
most  mammals)  called  the  pleurte;  and  these 
membranes,  like  all  serous  membranes,  be- 
sides investing  more  or  less  completely  the 
exterior  of  the  organs,  also  line  the  walls 
of  the  thorax,  thus  providing  for  the  security 
and  mobility  of  the  organs  themselves.*  The 
„  _~.  lungs  are  two  in  number,  communicating 
l&enicolB. "  witn  tb8  exterior  by  means  of  a  single  air- 
tube,  the  trachea  (6,  Fig,  49),  which  ascends 
through  the  fore  part  of  the  neck,  and  opeusinto  the  pharynx. 
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This  <»nat  or  tube  is  formed  of  a  series  of  small  cartila- 
ginons  bftDds,  incomplete  behind.    It  is  lined  by  a  mucous 


Fig.  iS.— RupinlDrj  Appirntiu  of  the  Inscut  (la  Hbpe).* 

membrane,  which  is  of  the  Ktune  nature  as  the  mucous  mem- 
brane of  the  mouth  and  nostrilii,  and  is  contiuuoua  with 
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it*  Finally,  inferiorly,  the  trachea  subdivides  into  two 
branches  called  bronchi,  which  ramify  in  both  lungs  like 
the  roots  of  a  tree  in  the  soil  (c  e.  Pig.  49). 

§  136.  The  lungs  show 
''  intemallv  a  vast  number  of 

smalt  cells,  into  each  of  which 
a  branch  of  the  correspond- 
ing hrortpk'os  opens.  A  soft, 
delicate,  and  vascular  mem- 
i'  brane  lines  thewa'lsofthese 

cells  and  air   tubes,  and  it 
iH  to  these  that  the  alternate 
branches  of  the  pulmonary 
"  artery  are   distributed,    by 

means  of  which,  now  become 
capillaries,  the  venous  blood 
is  exposed  to  the  action  of 
**  the  Jr. 

The  smaller  the  cells,  the 

greater  will  he  the  extent  of 

Uie  membrane,  and  the  more 

extended   the   surface   upon 

,  which  the  blood  is  expmed 

to    the   action   of  the   air. 

The  smallness   of  the   cells 

ind  the  activity  of  respira- 

-^"X.'f '"''"        tion  "e   thus   ill    a    direct 

ratio  to    each    other  i    and 

this  is  proved  by   contrastbg  the  large  pulmonary  ceils  in 

the  lungs  of  the  frog  with  the  microscopic  cells  which  we 

find  in  the  lungs  of  birds  and  mammals. 

§  137.  But  air,  as  air,  never  penetrates  beyond  the  little 
cells  or  oal  de  sacs,  in  which  the  air  tubes  terminate  in  mam- 


Fig.  4e.— Lungs  uid  Tru 
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main.  In  birds,  some  of  these  air  tubes  open  into  larjfe 
membraiious  pouches,  which  proceed  us  far  as  the  limbs,  and 
i»nduct  the  air  even  into  the  interior  of  the  bones.  Thud 
respiration  becomes  more  ftrtive  in  this  cUsa  of  animals. 

§  138.  Met-hanism  of  Retpirotiua  in  Man.— Bj  tJie 
movements  of  inspiration  and  expiration  performed  by  the 
walls  of  the  thorax  or  vhent.  the  mr  is  conxtantly  renewed 
in,  and  eipelled  from,  the  lungB.     The  walls  of  the  chest 
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atmosphere.  To  expel  the  air  from,  the  lungs,  it  is  only 
necessary  that  this  muscular  action  should  cease  for  an  in- 
stant ;  a  forcible  expiration  is  effected  by  means  of  a  volun; 
tary  effort,  and  is  only  used  occasionally.  Respiration  is 
wholly  an  instinctive  action. 

To  understand  its  mechanism,  so  simple  in  its  results,  so 
complex  in  the  machinery,  it  is  first  necessary  to  examine  the 
structure  of  the  thorax. 

This  cavity  (Fig.  50),  has  the  form  of  a  conoid,  with  the 
summit  upwards  and  the  base  downwards,  and  its  walls  form 
a  kind  of  cage,  with  an  osseous  basis  composed  of  the  ribs, 
the  sternum,  and  a  portion  of  the  vertebral  column.  The 
spaces  left  between  the  ribs  are  filled  with  the  intercostal 
(internal  and  external)  muscles;  the  scaleni  pass  from  the 
cervical  vertebrae  to  the  first  and  second  ribs ;  powerful  mus- 
cles also  convey  from  the  shoulder  and  arm-bones  to  the  ribs, 
thus  contributing  in  every  way  to  enable  the  animal  to  act 
powerfully  during  inspiration,  when  the  great  muscular 
efforts  of  the  body  are  made ;  and  in  addition,  and  that  the 
most  important  of  all,  the  abdominal  wall  of  the  thorax  is 
formed  chiefly  by  the  diaphragm,  the  great  muscle  of  respira- 
tion. 

§  139.  The  dilatation  of  the  chest  may  be  effected  in  two 
ways — ^by  the  contraction  of  the  diaphragm  or  by  the  eleva- 
tion of  the  ribs. 

In  repose  (expiration)  the  diaphragm  forms  an  arch  towards 
the  chest;  in  actiou  (inspiration)  it  contracts  and  descends 
towards  the  abdomen,  pushing  the  contents  of  the  abdomen 
before  it.  Thus  the  capacity  of  the  chest  is  enlarged,  and  as 
the  vacuum  thus  formed  in  the  lungs  is  gradually  being 
established,  the  external  air  rushes  in  to  fill  up  the  space. 

The  play  of  the  ribs  is  rather  more  complex.  These  osseous 
arches,  extending  from  the  vertebral  column  to  the  sternum 
(with  the  exception  of  the  lower  ones),  and  articulated  with 
both,  are  much  lower  anteriorly  than  posteriorly,  and  thus 
admit  of  elevation  and  depression.  As  the  ribs  are  raised, 
they  rotate  on  themselves,  and  thus  the  cavity  of  the  chest 
becomes  enlarged  in  all  directions.  They  raise  the  sternum 
with  them. 

§  140.  In  expiration,  the  diaphragm  is  relaxed;  the 
external  air  acts  on  the  walls  of  the  chest ;  the  elasticity  of 
the  lungs  assists,  and  thus  the  air  is  expelled  from  the  lungs; 
the  intercostal  muscles  also  cease  to  play.     But  in  forcible 
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expiration  generally,  partly  a  voluntary  act,  the  muscles  of  the 
abdomen  and  others  assist  in  forcing  the  air  from  the  lungs. 

.  §  141.  Under  ordinary  circumstances,  the  amount  of'  air 
taken  in  at  each  inspiration  does  not  exceed  the  seventh  part 
of  what  they  can  contain ;  on  an  average  it  may  be  estimated 
at  about  the  third  of  a  quart.  The  number  of  the  respiratoi^y 
movements  varies  with  age  and  a  variety  of  circumstances. 
They  are  most  frequent  in  the  young;  in  the  adult  the 
average  is  sixteen  per  minute. 

Thus,  during  ordinary  circumstances,  there  enters  into  the 
lungs  of  an  adult  male  about  5^  quarts  of  air  per  minute,  or 
about  330  by  the  hour ;  7920  by  the  day. 

§  142.  Sighing,  yawning,  hiccup,  laughter,  and  sobbing, 
are  but  modifications  of  the  ordinary  actions  of  respiration. 
Sighing  is  a  deep  and  prolonged  inspiration,  not  always  caused 
by  a  moral  sentiment,  but  occasionally  by  a  feeling  that  the 
respiratory  act  does  not  proceed  with  sufficient  energy  and 
rapidity. 

Yawning  is  an  inspiration  still  deeper,  accompanied  with 
an  almost  involuntary  and  spasmodic  contraction  of  the 
muscles  of  the  jaw  and  pendulous  palate. 

Laughing  seems  to  depend  on  a  series  of  rapid  movements 
of  the  diaphragm ;  sftbbing  differs  but  little  irom  laughing, 
though  expressing  passions  and  feelings  of  so  opposite  a  cha- 
racter. 

§  143.  Mechanism  of  Respiration  in  other  Animals. — 
The  mechanism  of  respiration  is  essentially  the  same  in  all 
mammals,  birds,  and  reptiles ;  in  the  two  latter  classes,  how- 
eyer,  the  diaphragm  is  more  or  less  completely  absent,  and  in 
consequence  it  is  principally  by  the  play  of  the  ribs  that  the 
air  is  drawn  into  the  lungs ;  in  the  tortues  (turtle  and  tor- 
toise), and  the  batrachia  (frogs,  salamanders,  <&c.),  the  thorax 
is  not  foi*med  so  as  to  act  as  a  suction  pump,  and  accord- 
ingly these  animals  swallow  the  air  by  a  sort  of  deglutition. 

OF   EXHALATION   AND  THE   SECEETIONS. 

§  144.  We  have  seen  how  the  nutrient  matter  is  dis- 
tributed to  all  parts  of  the  body  by  means  of  the  blood ;  we 
have  now  to  examine  how  the  matters  contained  in  the 
general  mass  escape  from  it,  whether  into  the  interior  or 
directly  from  the  body. 

§  145.   Nutrition   we  have  seen  to  be  effected  in  two 
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ways ;  either  1st,  by  the  simple  absorption  into  the  body,  of 
matters  requiring  no  modification  :  2nd,  by  the  nio^e  complex 
function  of  digention :  the  first  is  almost  mechanical ;  the 
second  partakes  more  of  a  chemical  character. 

In  like  manner  nature,  in  freeing  the  body  of  the  useless 
substances  and  the  necessaiy  results  of  vital  actions,  em- 
ploys two  methods  of  expulsion,  exhalation  and  secretion. 
The  first  of  these  processes  is  almost  physical,  and  depends 
on  the  permeability  of  the  tissues ;  by  tne  second,  peculiar 
substances  are  selected  from  the  blood,  and  eliminnted,  as  it 
were,  in  order  to  be  expelled  the  body  ;  to  effect  this,  certain 
organs  are  required,  and  these  are  c>alled  secreting  organs. 
The  process  bears  to  simple  exhalation  the  relati<m  which 
digestion  does  to  absorption. 

EXHALATION. 

§  146.  The  walls  of  the  bloodvessels  are  permeable  to 
liquids.  By  this  means,  water,  gases,  and  the  thinner  parts 
of  the  blood  generally,  may  pass  through  these  walls  by 
exhalation ;  but  they  do  not  admit  of  the  passage  in  this 
way  of  the  globules,  or  denser  parts  of  the  blood.  This  is 
proved  by  injecting  prussiate  of  potass  into  the  veins  of  a 
living  dog ;  the  salt  injected  may  be  soon  after  detected  in 
the  thorax  and  abdomen,  mingled  with  the  fluids,  which  are 
constantly  exhaled  on  the  surface  of  serous  membranes. 
Spirituous  and  other  liquors  are  perceivable  in  the  breath  soon 
alter  being  taken. 

§  147.  Mechanism  of,  Exhalation. — Exhalation  is  purely 
a  physical  phenomenon,  however  it  may  be  modified  by  the 
presence  of  life.  Thus,  if  into  the  vascular  system  of  an  animal, 
recently  dead,  an  injection  be  thrown,  composed  of  gelatine, 
mingled  with  vermilion  finely  powdered,  the  fluid  part  of  the 
injection  will  escape  into  the  adjoining  tissues,  leaving  the 
vermilion  particles  in  the  vessels ;  thus  imitating  what  seems 
to  take  place  during  life. 

§  148.  In  I'act,  inhalation,  already  explained,  and  exha- 
lation are  strictly  analogous,  »<nd  take  place  in  the  same 
way ;  and  their  activity  depends  on  the  spongy  and  vascular 
character  of  the  tissue.  In  another  sense,  these  functions 
are  in  the  inverse  ratio  of  each  other.  By  pressure  on  the 
veins,  the  exhalation  into  depending  parts  may  be  much 
increased. 
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§  149.  Seat  of  the  Exhalation. -^l^xk&l&tAons  are  either 
external,  that  is,  on  the  surface  of  the  body ;  or  internal, 
that  is,  on  the  surface  of  the  internal  cavities. 

§  150.  External  exhalation  must  not  be  confounded 
with  perspiration,  or  production  of  sweat;  it  takes  place  on 
the  surface  of  the  lungs  as  well  as  on  that  of  the  body,  and  is 
called  insensible  transpiration,  because,  being  evaporated  by 
the  air,  it  escapes  our  notice.  Men  and  animals  lose  much 
daily  by  insensible  transpiration,  whidi,  of  course,  is  as  con- 
stantly restored;  according  to  Sanctorius,  the  loss  by  in-^ 
sensible  transpiration  in  man  amounts  to  Iths  of  the  whole 
daily  loss. 

The  evaporation  from  the  surface  of  the  body  varies  with 
many  oii'cumstances,  as  climate,  &c. ;  the  escape  of  carbonic 
acid  gas  from  the  lungs  is  by  means  of  exhalation  merely. 

§  151.  The  serous  membranes  found  in  the  interior  of  the 
large  cavities  of  the  body  are  the  seat  of  internal  exhalations, 
consisting  chiefly  of  water,  and  a  few  salts,  mixed  with  a 
small  quantity  of  sftdmal  matter.  The  exhalation  which 
takes  place  on  these  surfaces  has  an  exact  counterpoise  in 
the  absorption  going  on  at  the  same  time ;  when  this  is  dis- 
turbed the  fluid  accumulates,  and  dropsies  take  place, 
which  receive  names  according  to  their  localities :  hydro- 
cephalus, in  the  head;  ascites,  in  the  abdomen;  hydrothorax,  in 
the  chest  and  pleurae ;  and  hydrops  pericardii  when  the  accu- 
mulation takes  place  within  the  cavity  of  the  pericardium. 

8BCBETI0NS. 

§  152.  The  secretions  are  special  humoiu's,  formed  at  the 
expense  of  the  blood,  in  and  by  organs  destined  especially  to 
eliminate  them  from  the  blood. 

§  153.  They  may  take  place  on  the  8ur£ice  of  mem- 
branes, as  on  the  skin  and  mucous  membranes;  but  they  are 
chiefly  found  in  connexion  with  certain  bodies  termed  glan- 
dular, whose  essential  structure  seems  to  consist  in  small 
cavities,  extremely  minute,  or  pouches  or  canals  of  extreme 
tenuity ;  these  receive  bloodvessels  and  nerves,  the  latter  no 
doubt  playing  an  important  par.:  in  the  phenomena  of  secre- 
tion. The  glands  have  been  divided  into  perfect  and  imper- 
fect, according  as  they  are  provided  or  not  with  a  tube  or 
duct  intended  to  carry  away  the  product  of  the  secretion. 

§  154.  Glands,  properly  so  called,  may  all  be  arranged, 
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as  regards  their  intimate  strut'ture,  under  two  head»,or  types; 
as  being  composed  either  of  smaJl  aacs,  witii  orifices  more  or 
teiu  (.-aiitract«a,  or  of  tubes  of  eitreme  minuteness  ;  and  the 
differences  they  present  have  a  reference  mainly  to  tlie  mode 
in  which  these,  as  it  were  elementary  structures,  are  grouped. 
5  155.  The  small  secreting  sacs  are  called  fuUiclea,  when 
sbaJlow  they  are  called  crypts,  and  many  such  may  be  seen 
on  the  surface  of  mucous  meinbranes.     When   each  has  a 

aiarate  or  difltinot  orifice  opening  on  the  surface,  they  are 
led  simple  follicles,  and  many  such  exiat  on  the  surface  of 
the  mucous  memhranes ;  if  grouped  close  ti^tUer,  but  still 
maintaining  distinct  orifi«s,  they  are  called  aggregated; 
auch  are  the  glands  of  Meibomius  on  the   eyehds,  certain 

fostric  glands  in  some  animals,  &c. ;  when  grouped,  but 
aving  uieir  orifices  leading  into  a  small  cavity  common  to 
all,  and  thus  ultimately  communicating  with  the  surface  by 
one  or  more  apertures  only,  as  in  the  amygdalae  or  tonsils, 
they  are  called  agglom&rtUedfolliclei.  At  other  times  little 
sacs,  which  form  the  essential  structtre  of  the  glandular 
bodies  we  now  speak  of,  communicate  with  the  exterior  by  an 
elongated  neck,  so  as  to  resemble  a  tube,  terminated  by  an 


Fig,  Sl,-Ini™.U  structure  of  b  ComBo.ite 
GlKid(IhePMolid). 

ampulla,  and  there  they  may  either  remain  isolated  or  agglo- 
merated in  buncheS:  by  means  of  common  excretory  tubes, 
which,  in  their  turn,  reunite  successively,  to  terminate  by  a 
sini^le  duet  (Fig.  51|,     The  sporcting  organs,  which  may  be 
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called  ampuUari/  follicles,  are  met  with  in  the  simpleat  form, 
nnder  the  iikin  of  certain  fiehoa,  and  seem  also  to  form  the 
odoriferous  glands  found  iu  the  human  integamentB.  When 
grouped  arouud  a  common  briuichedBecreting  canal  (Pig.  51), 
thej  form  the  greater  number  of  the  cornposite  glands,  such 
as  the  liver  and  s^ivary  glands  of  mammals,  and  are  named 
by  anatomiatd,  ConglomeraU  O-lands. 

§  166.  The  itibular-toTraei  secreting  organs  present  also 
differences  analogous  to  those  just  described.  These  tubes  vary 
infinitely  in  size,  but  are  all  closed  at  one  extremity,  and  open 
at  the  other  for  the  escape  of  the  excreted  matter ;  thew  varied 
arrangeraentB  are  seen  in  the  glands  under  the  int^umeiits 
in  fishes,  and  in  the  bilious  vessels 
of  some  of  the  lower  animals ;  in 

the  pancreatic  c<sea,  surrounding      a  « 

the  duodenum   in   fishes ;    in  the      A 
gastric   glands   of  several    birds;  i- 

finally,  tbette  same  tubes  (Fig.  52) 

mav   acquire   an   extreme    length  ^ 

without  change   in   their   odibre, 
blustered  or  heaped  on  themselves, 
to  terminate  in  an  excretory  tube,     " 
but  little  ramified  at  its  origiu,  in 

such  a  way  as  to  form  a  conglo-  „ 

merate  ghuid,  such  as  the  hidneys 
and  other  glands  of  great  impor- 
tance ;  some  glands  have  a  reser' 
voir  placed  in  the  course  of  the 
excretory  duct,  intended  to  per- 
mit of  the  accumulation  of  the 
secretion,  and  its  residence  therein 
for  a  time.  The  gall-bladder 
(Fig.  24)  and  the  urinary -bladder,  ^ 
(Fig.    53)    are    pouches    of   this 

§  157.  The  imperfect  glands  *'ih- lifdllejl  • 

vary  still  more  in  their  mode  of 

conformation.  Some  are  composed  of  small  closed  cells, 
isolated    or    a^lomcrated ;     others,  called   vaaatlar    gan- 

stHiiile;  c,  c^jIUDdpelvia;  d,  CBOBlofllleureler. 
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ff lions,  are  composed  of  bloodvessels  or  lymphatics  solely, 
which,  after  dividing  and  subdividing,  again  reunite.  As 
examples  of  the  first  may  be  cited  the  ovarian  vesicles  and  the 
adipose  cellules;  of  the  second,  the  thyroid;*  the  thymus  ;t 
the  spleen  (Fig.  24) ;  and  the  mesenteric  ganglions  are  the 
examples  (§  75).     Their  functions  are  unknown.^ 

§  158.  Nature  of_  Secretion. — The  secreting  organs  are 
always  disposed  in  the  form  of  membranes,  one  surface  of 
which  is  bathed  by  the  nourishing  fluid,  §  the  other  being 
free  and  forming  the  interior  of  the  cavity ;  this  is  the  utri- 
cular surfiace.  This  surface,  then,  performs,  as  it  were,  the 
office  of  a  filter,  allowing  only  ceHain  substances  to  pass  from 
the  interior  of  the  bloodvessels  into  the  interior  of  the  secre- 
tory tube.  II 

..  §  159.  The  secretions  differ  from  each  other,  and  from 
the  blood,  out  of  which  they  are  formed,  in  containing  sub- 
stances in  great  abundance,  of  which  but  very  small  quantities 
are  to  be  detected  in  the  blood :  they  may  contain  free  acids, 
whilst  the  blood  from  which  they  are  drawn  is  alkaline; 
sometimes  they  also  are  alkaline,  but  much  more  strongly 
than  the  blood ;  whilst  some  are  characterized  by  the  presence 
of  matters  not  to  be  found  elsewhere,  such  as  urea,  casein, 
butter,  &c. 

§  160.  It  is  probable  that  in  all  cases  the  secreted  matter 
ekists  in  the  blood  already  formed.  It  was  thought,  for 
example,  that  the  urea  found  in  urine  must  be  formed  by 
and  in  the  kidneys,  since  it  could  not  be  detected  by  chemical 
analysis  in  the  blood ;  but  if  these  organs  be  destroyed  in  a 

*  The  thyroid  is  a  spongy,  ovoid,  vascular  mass,  of  a  glandular  appearance, 
placed  in  the  neck,  and  attached  to  the  front  of  the  trachea.  Its  enlarge- 
ment constitutes  bronchocele,  and  when  aggravated,  ^ot^r««.  It  is  not  present 
in  birds,  reptiles,  and  flshes,  and  in  animals  still  lower. 

t  The  thymus  is  a  glandular-looking  body,  extremely  developed  in  the 
foetus,  but  which  diminishes  ttfter  birth,  and  generally  altogether  disappears. 
It  is  ^tuated  in  the  fore  and  upper  part  of  the  chest,  behind  the  sternum, 
and  between  the  mediastina.    It  lies  partly  on  the  pericardium. 

%  The  recent  experiments  of  M.  Bernard  seem  to  show  that  the  liver,  in 
addition  to  its  other  functions,  secretes  a  sugary  substance,  called  glu^oae, 
which  it  pours  into  the  blood,  but  which  disappears  soon  after,  probably  con- 
sumed by  the  respiratory  act. 

§  The  bloodvessels  distributed  to  the  walls  of  the  tubes  and  cavities  form- 
ing the  secreting  organs,  never  communicate  directly  with  their  internal 
cavities. 

II  Recent  observations  seem  to  show  that  the  eraential  secreting  organs  are 
minute  cellules  or  utricles,  of  which  the  inner  wall  of  the  secretingiubf  s  are 
formed  ;  these  little  cells  empty  themselves  first,  or  are  thrown  on  into  the 
interior  of  the  tubes,  and  are  as  rapidly  restored  or  renewed.  They  form  the 
layer  called  epWielium,  forming  the  inner  layer  of  all  mucous  membranes. 
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living  animal,  or  removed,  urea  will,  aft«r  a  certain  time,  be 
formed  in  the  blood,  thus  clearly  proving  that  the  kidneys  do 
not  form  it. 

§  161.  Nature  of  the  Secreted  Liqaid*. — There  in  no  per- 
ceptible relation  between  the  nature  of  the  fluid  and  of  the 
glimd  Becreting  it ;  and  secretions,  as  pus,  for  example,  are 
formed  by  structures  where  no  such  secretion  previously 
existed ;  they  alter  also  without  any  visible  change  in  the 
structure  of  the  ^land. 

Nothing  positive  is  known  as  to  the  nature  of  the  secreting 
function,  but  it  is  certain  that  the  action  of  the  nervous  sys- 
tem has  a  great  influence  over  it.  When  the  nerves  of  the 
stomach  have  been  divided  in  a  living  animal,  the  secretion 
of  the  gastric  ^juice  ceaoes;  and  M.  Bernard  has  shown,  that 
when  a  certain  portion  of  the  spinal  marrow  is  irritated,  an 
lUiusually  abundaut  secretion  of  sugar  takes  place  in  the 
■'  n  the  urine. 

with   the 


§  162.  This  function   has  its   seat  in  the   kidney's,  two 
liu'ge  glands  situated  in  the  abdomen,  on  either  Kide  of  the 
vertebral   column,   and   generally   sur- 
rounded with  much  Ikt.     They  are  of  a 
reddish-brown  colour,  and  in  shape  re-     „ 
semble  a  kidney-bean  (Fig.  53).    Their 
substance  (Pig.  52)  is  composed  essen- 
tially of   secreting    tubes   of  extreme     4 
tenuity,  and  of  great  length,  which  in 
mammals  are  turned  on  themstilves  in 
every  direction  towards  their  free  ei-     ^ 
tremity,  where  they  swell  into  the  form 
of  an  ampulla  (a),  and  which  afterwards     ^ 
proceed  in  a  straight  line  towards  the 
middle  of  the  inner  edge  of  the  gland,  —Urinir. 

so  as  to  form  a  certain  number  of  pyra-  ^p^mim," 

midal  fasciculi   (6),  whose   summit   is 
partially  enclosed  by  the  membranous  cavity  called  calyi  (c), 
and  whose  baxe,  directed  outwards,  is,  as  it  were,  encased  in 
the  cortical  substance  of  the  kidney,  formed  out  of  the  mass 

•  a,aie'tMatjt\  ft,  tbe  ureter i  c,  the  blulder ;  d,  eaDiloftheurethrB. 
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constituted  by  that  portion  of  the  tubes  which  is  massed 
into  heaps  rolled  on  each  other;  the  other  part  is  called 
tubular  or  medullary,  being  the  part  formed  by  the  fasci- 
culi themselves.  In  the  young,  and  in  many  animals, 
throughout  life,  such  as  the  bear  and  otter,  these  pyramids 
remain  distinct,  and  each  kidney  is  then  composed  of  several 
separate  lobes;  but  generally  they  unite  together,  and  the 
calices,  which  are  but  excrementory  tubes,  unite  to  form 
a  pelvis  or  general  reservoir,  from  which  proceeds  the 
ureter  (Fig*  52  d).  A  great  number  of  bloodvessels  creep 
between  these  secreting  tubes,  and  constitute,  in  the  cortical 
portion  of  the  gland,  a  very  close  network,  in  the  midst  of 
which  may  be  seen  certain  spherical  bodies,  formed  also  of 
bloodvessels  collected  into  bunches  in  the  interior  of  the 
ampulla  already  mentioned. 

The  urine  is  formed  in  the  cortical  part  of  the  kidneys. 
It  descends  by  the  tubular  part'  into  the  calices,  and  thence 
into  the  pelvis  of  the  kidney ;  this  terminates  in  the  ureter 
(Fig.  53  J),  by  which  the  urme  descends  to  the  bladder.  This 
latter  organ  is  situated  in  the  pelvis  and  behind  the  os  pubis. 
It  is  formed  internally  by  a  mucous  membrane ;  externally, 
by  a  muscular  and  cellular  layer.  The  peritoneum  also  par- 
tially invests  it,  and  gives  it  support.  Inferiorly  it  terminates 
in  the  canal  of  the  urethra,  by  which  the  urine  escapes  from 
the  body. 

§  163.  The  urine  is  a  yellowish  acid  liquid,  which  in 
man,  in  the  normal  state,  is  composed  of  93  parts  water, 
3  of  a  peculiar  substance  called  urea;  a  very  small  portion 
of  uric  acid,  lactic  acid,  various  salts,  as  muriate  of  soda, 
alkaline  sulphates,  phosphate  of  lime,  &c.,  make  up  the  100 
parts. 

In  carnivorous  mammals  the  urine  resemble?  that  of  man, 
but  the  uric  acid  is  wanting.  In  herbivorous  mammals  the 
urine  is  alkaline,  and  a  peculiar  substance  is  found,  the  hip- 
puric  acid,  as  well  as  many  earthy  carbonates.  In  many 
birds,  and  in  most  reptiles,  the  urine  is  composed  mostly  of 
uric  acid ;  whilst  in  frogs  and  tortoises  (turtles  and  tortoises) 
it  contains  urea  and  albumen.  Its  composition  in  fishes 
appears  to  be  the  same ;  but  in  insects  we  again  find  uric  acid. 
Disease  affects  its  composition  in  man. 

§  164.  The  extreme  rapidity  with  which  various  drinks, 
meoicated  or  simple,  pass  ft'om  the  stomach  to  the  bladder, 
and  so  escape  externally  by  the  urethra,  is  well  known ;  yet 
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it  is  certain  that  these  fluids  have  first  mingled  with  the  hlood 
and  been  by  it  carried  to  the  kidneys. 

§  165.  A  variety  of  circumstances,  unnecessary  to  dwell 
on,  influence  the  activity  of  the  secretion  and  modify  its 
character.  The  liquids,  and  especially  water,  taken  into  the 
stomach  escape  either  by  pulmonary  or  cutaneous  exhalation, 
or  by  the  kidneys  as  urine.  With  heat,  the  cutaneous  exha- 
lation is  increased ;  by  cold,  the  urinary. 

The  amount  of  soUd  substances  secreted  by  the  kidneys 
depends  greatly  on  the  abundance  and  nature  of  the  food. 
It  is  diminished  during  a  prolonged  fast;  and  is  rich  in  its 
solid  contents  in  proportion  to  the  animalization  of  the  food 
employed. 

§  166.  Various  deposits  are  found  in  the  urinary  passages. 
These  are  called  gravel  and  urinary  calculi,  or  concretions. 
The  former  is  almost  always  formed  of  uric  acid.  The  depo- 
sits commence  usually,  if  not  always,  in  the  kidneys.  Uri- 
nary concretions  also  usually  form  in  the  kidneys,  but  descend- 
ing firom  these  into  the  bladder,  increase,  by  deposits  on  their 
surface,  to  a  size  endangering  life,  and  requiring  for  their 
removal  a  surgical  operation. 

OF  ASSIMILATION  AND  NUTKITIVE  DECOMPOSITION. 

§  167.  Assimilation, — The  substances  introduced  into 
the  animal  economy  are  there  employed  in  two  ways.  They 
serve  for  the  formation  of  the  different  parts  of  the  body  itself, 
or  to  support  the  respiratory  combustion  which  constantly 
exists  in  the  interior  oi  every  animal  so  long  as  life  exists. 

But  neither  animals  nor  plants  can  of  themselves  form  any 
of  the  simple  substances  of  which  their  bodies  are  composed, 
and  therefore  the  foreign  matters  thus  introduced  must  con- 
tain all  their  elements. 

The  primary  materials  of  the  organism  are  carbon,  nitrogen 
or  azote,  hydrogen,  and  oxjrgen;  but  sulphur,  phosphorus, 
lime,  and  other  simple  bodies,  are  also  required ;  it  is  essen- 
tial, then,  that  such  bodies  should  be  introduced  from  without. 
But  animals  do  not  possess  the  faculty  of  determining  the 
combination  of  these  various  chemical  elements,  so  as  to  give 
rise  to  the  various  compound  principles  of  which  the  organism 
is  formed ;  or,  in  other  words,  these  elements  must  be  already 
combined.  Thus,  it  is  not  by  introducing  azote,  hydrogen, 
carbon,  <&c.,  into  the  body  that  an  animal  can  satisfy  the 

g2 
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wants  of  nutrition ;  these  substances  must  have  been  already 
combined. 

In  a  word,  these  principles  must  have  been  already  com- 
bined, so  as  to  form  organizahle  principles  or  viable  matters. 
Now,  this  only  happens  through  the  influence  of  life.  It  is 
the  vegetable  kingdom,  then,  which  directly  or  indirectly 
furnishes  to  animsd  bodies  the  carbon  and  azote,  and  a  certain 
portion  of  hydrogen  and  oxygen ;  water  furnishes  the  greater 
portion  of  the  requisite  hydrogen  and  oxygen;  the  lime 
and  various  other  mineral  bodies  come  directly  from  the 
mineral  kingdom. 

From  the  atmosphere,  animals  derive  the  oxygen  required 
to  consume  the  carbon  and  hydrogen ;  and  thus,  in  brief,  to 
meet  the  wants  of  the  nutritive  process,  every  animal  requires 
to  convey  into  the  interior  of  its  organization,  free  oxygen, 
organized  matters  rich  in  carbon,  hydrogen,  azote,  water,  and 
various  salts. 

Before  being  adapted  for  nutrition,  all  substances  must 
assume  a  liquid  or  gaseous  form ;  this  is  the  object  of  diges- 
tion. There  exist  three  modes  of  ingress  for  the  nutritive 
matter — the  skin,  the  respiratory  mucous  membrane,  the 
alimentary  canal. 

In  man  and  animals  which  have  an  epidermis,  absorption 
by  the  skin  is  comparatively  unimportant;  by  the  lungs, 
some  liquid  in  the  form  of  vapour  is  no  doubt  absorbed ;  but 
the  intestinal  or  alimentary  canal,  by  means  of  its  mucous 
membrane,  is  the  great  route  by  which  the  matter  destined 
to  assist  in  nutrition  reaches  the  interior  of  the  body. 

§  168.  These  nutritive  elements  are  at  first  mingled  with 
the  blood.  This  fluid,  elaborated  by  processes  not  yet  dis- 
covered, becomes  rich  in  all  the  compound  principles  of  which 
the  tissues  are  in  their  turn  formed ;  and  it  is  out  of  this 
fluid  that  all  the  organs  of  the  body  draw  the  materials 
fitted  for  their  growth  and  support,  each  choosing  the  mole- 
cules identical  with  its  own  nature. 

It  is  this  last  act  which  constitutes  assimilation, 
§  169.  But  nothing  is  known  as  to  the  real  nature  of  this 
act  of  assimilation,  how  brought  about,how  effected.  Such  ques- 
tions touch  too  nearly  the  very  essence  •f  the  principle  ot  life, 
itself  perfectly  unknown  in  its  nature.  One  thing  is  certain, 
that  in  all  animals  possessing  a  nervous  system,  the  influence 
which  this  exercises  over  assimilation  is  distinct  and  unde- 
niable.   Nor  is  the  duration  of  Ufe  in  the  various  organs  of 
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the  same  animal  the  same ;  the  thymus  gland,  for  example, 
ceases  to  grow,  and  decays  in  the  veiy  young.  The  teeth 
have  their  stated  periods  of  existence ;  the  nails,  the  hair,  and 
generally  the  epithelial  tissues,  continue  to  grow  in  extreme 
old  age. 

§  170.  The  assimilating  force  possesses  the  property, 
especially  in  the  lower  animals,  of  restoring  parts  which  have 
been  destroyed  ;  bones  are  reunited  by  bone  after  being 
broken,  and  even  large  portions  of  them  which  have  been  lost 
have  been  restored.  The  limb  of  the  lizard  when  broken  off 
has  grown  again ;  a  new  foot  been  reproduced  in  crabs  and 
spiders ;  in  salamanders,  a  new  eye  and  portion  of  the  head  have 
been  restored  after  the  removal  of  the  original  parts  by  ampu- 
tation. Finally,  earth-worms  and  many  other  annelides  can 
thus  reproduce  a  great  part  of  the  body ;  and  in  the  hvdra 
and  fresh-water  polyp  (Fig.  3),  a  small  fragment  has  been 
found  equal  to  the  reproduction  of  the  entire  body. 

§  171.  Moreover,  various  circumstances,  which  we  have 
not  the  leisure  to  examine  here,  may  modify  the  progress  of 
the  work  of  assimilation,  render  it  active,  retard  it,  or  change 
its  direction.  It  is  in  this  way  that  in  certain  diseases  we 
see  nutrition  to  be  almost  entirely  arrested,  and  that  in 
others  certain  tissues  change  their  nature.  It  is  also  to  be 
observed,  that  this  assimilative  labour  does  not  take  place 
with  the  same  rapidity  in  all  parts  of  the  body ;  to  be  as^red 
of  this,  we  have  only  to  observe  the  changes  in  form  often 
brought  about  by  the  progress  of  age;  ior  these  changes 
depend  chiefly  on  this,  that  certain  parts  increase  more 
rapidly  than  others.  Thus,  from  the  moment  of  birth  to  the 
adult  condition,  the  members  of  the  body  of  man  grow  more 
rapidly  than  the  trunk ;  whence  it  follows  that,  in  general, 
this  latter  is  a  portion  the  less  considerable  of  the  whole,  as 
the  growth  is  more  prolonged. 

§  172.  JExcretion, — ^Wnilst  nutrition  is  going  on,  decom- 
position proceeds  pari  passu,  that  is  to  say,  the  separation  of 
a  portion  of  the  molecules  of  the  tissues,  and  their  expulsion 
from  the  body.  The  bones  themselves  are  thus  contmually 
decomposed  and  recomposed;  the  utricular  tissue  covering 
the  surface  of  the  ligaments,  mucous  membranes,  and 
glandular  cavities,  is  being  continually  renewed  and  de- 
stroyed ;  and  the  old  epithelium  gives  way  before  new  layers 
formed  beneath  it  in  the  substance  of  the  tissues. 

Some  physiologists  have  thought  that  such  a  renewal  of 
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the  constituent  parts  of  animal  bodies  affects  every  struc- 
ture and  organ,  and  that  an  entire  renewal  of  the  body  occurs 
in  every  seven  years.  This  opinion  is  not  based  on  direct 
experiment,  and  seems,  indeed^  contrary  to  the  fact.  Many 
organs  remain  for  long  periods  stationary,  although  it  may  l>e 
admitted  that,  under  peculiar  circumstances,  the  onginal  tissues 
themselves  may  be  attacked,  as  after  long  fasting.  Thus, 
the  curious  experiments  of  M.  Chossat  show  that  when 
birds  do  not  nnd  in  their  food  a  sufficient  proportion  of 
calcareous  matters,  the  phosphate  of  lime  entering  into  the 
composition  of  their  bones  is  taken  away,  little  by  uttle. 

^w,  the  blood  furnishing,  as  we  have  seen,  the  materials 
of  the  various  humours  which  the  animal  economy  constantly 
rejects  and  expels  from  it  by  the  route  of  the  secretions, 
becomes  unceasingly  impoverished,  and  might  take  away 
from  the  organs  the  soluble  principles  they  contain,  if  the 
repeated  introduction  of  foreign  substances  did  not  maintain 
this  liquid  always  saturated  with  the  same  principles.  It 
results  from  this,  that  this  introduction  of  the  alimentary 
matters  into  the  organism  is  necessary,  not  only  to  effect  the 
increase  of  the  living  parts,  but  to  secure  the  conservation  or 
preservation  of  the  tissues  already  existing,  and  to  prevent 
the  resorption  or  re-absorption  of  their  constituent  materials. 
In  brief,  the  nutrient  matter  introduced  continually  into  the 
blood  is  necessary,  no  doubt,  not  only  for  the  growth  of  the 
body,  but  also  to  maintain  all  the  organs  in  their  integrity, 
and  to  prevent  their  being  acted  on  by  absorption. 

Finally,  the  slow  combustion  taking  place  in  every  part  of 
the  body  also  destroys  the  combustible  matters ;  and  unless 
this  destruction  be  met  by  constant  renewal,  it  would  seem, 
from  the  experiments  of  Dumas  and  others,  that  the  oxygen 
would  act  on  and  destroy  the  materials  composing  the  organs 
themselves.  From  the  aliments  there  must  come  the  com- 
bustible matters  for  the  oxygen  to  act  on,  by  means  of  which 
they  are  transformed  into  carbonic  acid  gas  and  water,  and  in 
that  form  eliminated  from  the  body ;  from  the  same  source 
are  derived  the  materials  of  growth  and  of  secretion. 

But  whether  the  carbonated  and  hydrogenated  matters 
thus  consumed  come  from  the  aliment  directly  or  from  the 
tissues  themselves,  one  thing  is  obvious,  that  the  loss  must 
be  supplied  from  without,  under  the  form  of  aliments. 

The  alimentary  matters,  which  contain  only  carbon,  hy- 
drogen, and  oxygen  in  their  ultimate  composition,  such  as 
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fecula  or  sugar,  may  be  transformed  into  carbonic  acid  and 
water,  leaving  no  residue ;  but  the  vital  combustion  of  azotized 
matters  gives  rise' to  other  prQducts ;  and  these  compounds  by 
losing  carbon  become  richer  in  azote,  and  constitute  peculiar 
organic  principles,  such  as  urea  and  uric  acid.* 

§  173.  Chemistry  seems  to  prove  that  it  is  vegetables 
which  fabricate  the  combustible  matters  destined  to  be 
consumed  in  animal  bodies,  plants  alone  having  the  power 
thus  to  fix  carbon  under  the  form  of  organic  compounds.f 

The  carbonic  acid  gas  and  water  escape  by  respiration ;  the 
more  solid  products,  as  the  urea,  by  the  unne.  In  the  adult 
animal  it  would  thus  seem,  that  there  may  be  found  nearly 
the  whole  of  the  elements  introduced  into  the  system  by  the 
food  or  by  respiratory  absorption,  in  the  products  of  the  respi- 
ration and  urinary  secretion,  the  alvine  dejections  being  com- 
posed almost  wholly  of  the  indigestible  residue  of  the  food, 
mingled  with  various  secretions. 

Before  the  growth  is  completed,  all  the  alimentary  matter 
is  not  burnt  or  consumed  in  this  way ;  a  part  is  found  in  the 
organism  when  the  carbonaceous  matters  taken  in  exceed  the 
power  of  the  oxygen  to  consume,  the  result  being  the  deposi- 
tion of  fat,  which  may  afterwards  be  consumed  according  to 
the  exigencies  of  the  animal.;}; 

To  complete  this  sketch  of  the  phenomena  of  nutrition,  all 
that  remams  is  to  speak  of  the  sources  of  animal  heat. 

OF   ANIMAL   HEAT. 

§  174.  Animals  vary  so  much  in  their  different  heat-pro- 
ducing powers,  that  although  all  produce  heat,   some  are 
called  cold-blooded  animals  with  reference  to  others.     The 
"difierence  may  be  shown  by  comparing  the  amount  of  heat 
produced  by  a  fish  and  a  rabbit,  placed  in  a  vessel  surrounded 

*  When  the  tartrate,  malate,  or  citrate  of  potass  has  been  absorbed  or 
injected  into  tke  veins,  and,  so  absorbed,  carbonate  of  i>otasB  is  found  in  the 
urine,  thus  proving  the  combustion  of  the  vegetable  acid  entering  into  their 
composition. 

t  According  to  the  recent  experiments  of  Dumas,  Bonssingault,  and 
Payen. 

%  The  fat  is  not  deposited  indifferently  in  every  part  of  the  body.  It  is  com- 
posed of  two  substances,  oleine  and  stearine,  the  proportions  of  wnich  vary  in 
the  fat  of  different  animals.  It  is  abundantin  animals  which  hybemate  at  the 
commencement  of  winter,  but  disappears  towards  the  close  of  that  season. 
The  fat  is  supposed  to  be  useful  as  a  cushion  for  certain  organs,  as  a  reser- 
voir to  meet  the  consuming  powers  of  the  oxygen  taken  into  the  body,  and  as 
a  preservative  of  the  heat  or  the  body. 


with  ice ;  the  quantities  of  ice  dissolved  will  give  the  amount 
of  tlie  difference,  which  is  enormous ;  for,  niter  three  hours. 


the  heat  produced  hy  the  fish  will  scarcely  have  acted  oi 
ice,  vhiUt  that  originating  from  the  rabbit  will  have  pro- 
duced mofe  than  a  quart  of  water.  Now  the  amonnt  of  heat 
required  to  convert  so  much  ice  into  water  will  he  found 
equal  to  that  necessary  to  raise  the  temperature  of  three 
qnartfl  of  water  from  the  freeiing  to  the  hoifing  point. 

Hence  the  distinction  of  animals  iat«  cold  and  hot  blooded. 
In  man  the  heat  of  the  skin  varies  from  97°  ta  100°  Pahr. ; 
that  of  the  interior  of  the  body  is  always  100''.  It  is  the 
same  in  most  mammals.  In  birds  the  tenperuture  rises  to 
108°.     The  blood  in  both  is  hotter. 


Pij.  ».— Til*  Mannot. 

§  175.  In  general,  birds  and  mammals  maintain  the  same 
temperature  at  alljH'.asoDS  of  the  year  and  in  all  climates; 
but  there  are  some  in  which  the  temperature  lowers  as  winter 
proceeds;  these  are  the  hybemating  animals,  such  as  the 
marmot  (Fig.  54),  the  bat,  and  hedgehog. 

§  176.  In  the  young,  the  production  of  animal  heat  is  not 
e^u^  to  what  it  alterwardB  beccaues,  especially  in  those  bom 
with  the  eyes  closed.  Thus  kittens  or  puppies'  left  exposed 
t«  the  air,  even  in  summer,  soon  die.  New-bom  children  also 
are  eitremely  susceptible  of  cold. 

§  177.  This  production  of  animal  heat  is  evidentiv  con- 
nected with  the  phenomenon  of  vital  combttstion,  with  the 
absorption  of  oxygen  by  the  blood,  and  the  production  of  car- 
bonic acid  gas.  It  seems,  in  fact,  to  be  proportional  to  the 
amount  of  oijigen  absorbed,  and  hence  is  greatest  in  birds 
and  mammals. 
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The  production  of  carbonic  acid  gas  takes  place  in  the  ca- 
pillary vessels,  where,  in  fact,  the  arterial  blood  becomes 
venous ;  the  production,  then,  of  animal  heat  is  notconfined  to 
one  spot,  as  the  lungs,  but  is  extended  over  the  whole  body. 
It  depends  on  the  arrival  of  fresh  arterial  blood,  and  when  the 
supply  of  this  is  cut  off  or  diminished,  the  temperature  is 
immediately  lowered. 

There  is  a  remarkable  relation  also  between  the  richness  of 
the  blood  in  solid  parts  and  the  production  of  animal  heat. 
It  is  richest  in  birds  (14  or  15 :  100),  in  whom  the  animal 
heat  is  greatest ;  next  in  mammals  (9  or  12 :  100) ;  feeblest 
in  the  oold-blooded,  as  in  frogps  and  fishes,  in  whom  the  solid 
parts  of  the  blood,  compared  to  the  liquid  or  watery,  is  as  6 
of  globules  to  94  of  serum. 

ft  bears  a  certain  relation  also  to  the  distance  from  the 
heart,  and  thus  the  limbs  are  most  exposed  to  be  frost-bitten. 

Thus  it  is  to  respiration  that  is  due  the  production  of 
animal  heat,  since  it  is  in  the  lungs  that  the  oxygen  is  ab- 
sorbed But  in  the  higher  animals  this  combustion  itself  is 
evidently  influenced  by  another  physiological  agent  of  which 
we  have  not  yet  spoken— the  nervous  system. 

Numerous  experiments  have  placed  this  fact  beyond  a 
doubt.  The  late  experiments  of  M.  Bernard  on  the  cervical 
ganglions  are  in  fact  not  opposed  to  this  view.  Toxic 
agents,  which  lower  the  activity  of  the  brain  and  nervous 
system,  obviously  affect  the  production  of  animal  heat. 

§  178.  Hot-blooded  animals  have  the  faculty  of  resisting 
external  heat  when  raised  above  the  natural  temperatiure  of 
their  bodies;  this  is  effected  by  evajporation  from  the  surface  of 
the  cutaneous  transpiration,  by  which  the  temperature  of  the 
body  is  maintained  at  nearly  the  same  temperature  at  the 
equator  or  within  the  polar  circle. 


II.— OF  THE  FUNCTIONS  OF  RELATION. 

§  179.  Hitherto  we  have  been  occupied  with  those  func- 
tions which  have  for  their  object  the  preservation  of  the 
individual ;  let  us  now  attend  to  those  intended  to  make  him 
acquainted  with  surrounding  objects. 

§  180.  Observe  carefully  the  movements  of  an  animal, 


OF  THE  VE^TOUS  SYSTEM.  91 

and  you  will  soon  discover  that  some  are  obviously  volun- 
tafy,  or  directed  according  to  the  will  of  the  animal.  Another 
class  of  movements  may  also  be  observed,  over  which  the 
'animal  does  not  seem  to  possess  the  same  influence;  these 
are  the  involuntary.  These  phenomena  imply  contractility 
and  volition;  but  there  is  to  be  added  another  remarkable 
faculty,  setisibilit^,  by  which  the  animal  perceives  the  pre- 
sence of  surrounding  objects,  and  becomes  conscious  of  their 
presence. 

These  three  faculties  seem  to  be  common  to  all  animals ; 
but  there  are  others.  Certain  animals  construct  with  the 
.most  admirable  art  dweUings  for  their  youn^  and  for  them- 
selves, and  this  they  do  independent  of  all  mstruction  from 
the  parent.  Others  proceed  on  distant  voyages  and  journeys, 
traversing  the  air  as  certainly  as  if  the  point  to  be  attained 
were  before  their  eyes.  To  this  feculty  the  name  of  instinct 
has  been  given;  it  leads  animals  to  perform  certain  acts 
which  are  not  the  effects  of  imitation,  and  which  are  not  the 
result  of  reasoning.  The  phenomena  are  sometimes  very 
simple,  and  sometimes  incomprehensibly  complex. 

To  other  beings  are  given  the  faculty  of  recalling  previous 
sensations,  of  comparing  them  with  each  other,  analysing  the 
past  and  present,  and  drawing  conclusions;  these  are  the 
intollectual  faculties. 

Finally,  some  animals  can  communicate  to  others  a  know- 
ledge of  the  ideas  they  possess,  by  movements  or  sounds. 

These  varied  phenomena,  by  which  animals  place  them- 
selves in  relation  with  others,  may  be  reduced  to  six  prin- 
cipal faculties,  —  namely,  sensibility,  contractility,  will,  in- 
.stmct,  intelligence,  and  expression. 

In  the  simplest  animals,  these  various  faculties  of  the  life 
of  relation  are  not  the  appanage  of  any  organ  in  particular ; 
but  in  man  and  in  the  immense  nuyority  of  animals,  the 
exercise  of  these  faculties  is  dependent  on  the  action  of  the 
nervous  system. 

*  a,  brain;  &.  little  brain;  e,  spinal  marrow;  d,  facial nerre;  e,  brachial 
plexus,  caused  bj  the  union  of  several  nerves  coming  firom  the  spinal  mar- 
row;^, medUm  nerve;  a.  cubital  nerve;  h,  internal  cutaneous  nerve  of  the 
arm ;  i,  radial  and  muscnio-cutaneouB  nerve  of  the  arm ;  j,  intercostal  nerves ; 
k,  femoral  plexus;  I,  sciatic  plexus;  m,  tibial  nerve;  n,  external  peroneal 
nerve ;  o,  external  saphenous  nerye. 
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OF  THE  NEBYOXTS  SYSTEM. 

§  181.  This  system  is  formed  by  a  soft  pulpy  substance, 
which  is  almost  fluid  in  early  life,  but  acquires  more  conuis- 
tence  with  years.  The  aspect  of  this  tissue,  called  nervous, 
varies  much ;  occasionally  white,  at  other  times  grey  or  ash- 
coloured;  in  some  parts  it  forms  masses  or  ganglions,  in 
others  elongated  cords.  The  cords  are  called  nerves;  the 
masses,  ganglions  or  nervous  centres. 

§  182.  In  man,  and  in  those  animals  which  approach  him 
in  structure,  the  nervous  apparatus  is  composed  of  two  parts — 
the  cerebro- spinal  or  nervous  system  of  animal  life,  the  gan- 
glionic or  nervous  system  of  oi^anic  life ;  and  each  of  these 
systems  is  composed  in  its  turn  of  two  parts — a  central,  com- 
posed of  the  nervous  masses,  and  a  peripheric,  composed  of 
the  nerves  which  proceed  from  these  centres  to  all  parts  of 
the  body  (Fig.  55). 

§  183.  Cerebrospinal  System  in  Man, — The  central 
portion  of  this  system,  also  called  the  cerebro-spinal  axis  or 
encephalon,  is  composed  essential^  of  the  cerebrum,  cere- 
bellum, and  medulla  spinalis,  and  is  lodged  in  an  osseous 
cavity  and  canal,  formed  of  the  cranium  and  spinal  column. 

§  184  Envelopes  of  the  Encephalon, — Three  membranes 
enclose,  support,  and  nourish  the  cerebro-spinal  axis.  The 
flrst  is  the  dura  mater,  a  fibrous  membrane  of  considerable 
strength,  adhering  to  several  points  of  the  osseous  canal,  and 
forming  a  strong  protecting  covering  for  the  encephalon.  It 
sends  prolongations  towards  the  interior  of  the  cranium, 
serving  to  protect  various  parts  of  the  organ ;  and  in  its  sub- 
stance are  formed  v&rious  venous  canals  or  sinuses,  in  com- 
munication with  the  general  venous  system  of  the  body. 
These  sinuses  are  SiMieA  sinuses  of  the  dura  mater. 
Within  the  dura  mater  is  a  second  membrane,  called  the 
arachnoid.  This  is  a  serous  membrane  of  extreme  tenuity, 
and  transparent,  but  firm,  and  like  all  serous  membranes,  is 
a  sac  witnout  any  opening  into  it.  By  one  layer  it  invests 
the  inner  surface  or  the  dura  mater,  and  by  the  other  the 
brain,  thus  providing  for  the  movements  of  the  organ. 

Beneath  the  cerebral  layer  of  the  arachnoid  is  the  pia 
mater,  immediately  investing  the  nervous  tissue  itself.  This 
is  a  cellulo-vascular  membrane,  in  which  ramify  the  vessels 
proceeding  to  and  from  the  brain ;  for  the  arteries  especially, 
are,  in  general,  minutely  subdivided  before  they  actually 
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penetrate  the  nervous  matter.  These  three  membranes  invest 
the  entire  encephalon,  and  present  thus  a  spinal  as  well  as  a 
cranial  portion. 

§  185.  Though  composed  of  several  parts,  the  encephalon 
may  be  viewed  as  one ;  yet  each  division  seems  to  perform 
distinct  functions,  in  a  certain  sense. 

§  186.  The  cranial  portion  is  composed  of  the  brain,  cere- 
bellum, and  pons  of  Yarolius ;  the  spinal  portion  may  be 
viewed  as  composed  of  the  medulla  oblongata  and  spinal 
marrow,  properly  so  called. 

The  brain  (Fig.  66  a.  Figs.  66,  ^7  a  he)  (cerebrum)  is  by 
much  the  largest  part  of  the  encephalon  in  man  and  mammals. 
The  form  of  the  skull,  in  a  general  way,  represents  its  shape, 
more  especially  in  man.  The  cerebrum  proper  is  subdivided 
into  two  hemispheres  by  a  deep  mesial  fissure,  extending  quite 
down  to  the  corpus  callosum  in  the  middle,  and  anteriorly 
and  posteriorly  separating  the  hemispheres  completely  from 
each  other.  The  corpus  callosum  unites  the  hemispheres,  and 
may  be  called  a  transverse  commissure.  In  the  fissure  descends 
the  falx  cerebri,  a  partition  formed  by  the  dura  mater.  On  the 
surface  of  these  hemispheres  may  be  seen  the  convolutions 
and  anfractuositia  of  the  brain  so  distinct  in  man,  and 
which  have  given  rise  to  so  much  speculation.  They  are  of 
little  depth  in  very  youn^  children  and  in  most  animals. 

By  turning  up  the  bram  and  examining  its  base,  it  is  easy 
to  observe,  without  much  dissection,  that  the  brain  admits  of 
bein^  divided  into  three  lobes  on  each  side,  an  antierior, 
middle,  and  posterior;  this  last  is  not  so  distinct  as  the 
others.  It  is  on  this  surface  also  that  the  cerebellum  may  be 
distinct^  seen,  the  so-called  pons,  and  the  large  masses  of 
fibres  called  crura  uniting  the  pons  to  the  hemisphere  of  the 
brain ;  here  also  may  be  seen  all  the  nerves,  as  they  proceed 
to  or  from  the  brain ;  the  large  arteries  likewise,  which  all 
reach  the  cerebral  portion  of  the  encephalon  by  the  base.  The 
two  little  rounded  eminences  seen  here  are  called  mam- 
millary  eminences. 

The  grey  matter  of  the  brain  is  found  chiefly  on  the  surface, 
and  the  white  medullary  or  fibrous  in  the  interior,  but  not 
uniformly  so.  The  ventricles  of  the  brain  (Fig.  66)  all  com- 
municate with  each  other,  directly  or  indirectly. 

§  187.  The  cerebellum  is  placed  under  the  posterior  part 
of  the  brain,  and  is  separated  from  it  by  the  tentorium,  a  par- 
tition formed  by  the  dura  mater.     It  suso  is  composed  of  two 
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is  composed.  It  is  connected  with  the  medulla  spinalis, 
the  pons,  and  cerehrum  by  peduncles  of  medullary  fibres 
called  crura.  In  volume  it  is  about  one-third  of  the  cere- 
brum, and  is  larger  comparatively  in  the  child  than  in  the 
adult.. 

tl88.  Optic  Lobes, — By  removing  the  upper  portion  of 
emispheres  and  the  corpus  callosum,  the  ventricles  of  the 
brain  are  exposed ;  also  certain  rounded  masses,  forming  as  it 
were  the  base  of  the  section.  These  masses,  named  in  sue 
cession  from  before  backwards,  are  the  corpora  striata,  the 
thalami  nervorum  opticorum,  and  the  tubercula  quadri- 
gemina;  and  on  the  back  and  somewhat  lower  part  of  the 
thalami  may  be  seen,  by  raising  the  thalami  upward,  certain 
rounded  elevations  of  a  greyish  colour ;  these  are  the  corpora 
geniculata.  On  all  these  structures  important  experiments 
have  been  made  in  living  animals. 

§  189.  Spinal  Marrow;  Medulla  Spinalis.  —  The 
medulla  spinalis  (Fig.  66  c;  Fig.  57/),  may  be  viewed  as  a 
continuation  of  the  medulla  oblongata  and  that  of  the  brain 
itself.  A  median  fissure  of  no  great  depth  divides  it  into 
two  lateral  portions,  anteriorly  and  posteriorly.  Its  upper 
extremity,  which  is  enlarged,  is  usually  called  the  bulb,  by 
others  the  medulla  oblongata:  here  are  to  be  seen  various 
swellings  called  olivary,  pyramidal,  and  restiform  bodies ;  and 
at  the  sides  of  this  medulla  oblongata  and  of  the  spinal 
marrow  following  it,  may  be  seen  proceeding  outwards  the 
nerves.  No  nerves  come  from  or  go  to  the  cerebrum  proper, 
unless  it  be  the  olfactory.  Where  the  nerves  leave  the  spinal 
marrow  to  proceed  to  the  pectoral  extremities,  the  organ  is 
usually  enlarged ;  and  the  same  occurs,  but  not  so  distinctly, 
lower  down,  where  the  nerves  leave  to  proceed  to  the  pelvic 
extremities.  In  man,  the  spinal  marrow  descends  only  as  low 
as  the  second  lumbar  vertebra,  terminating  in  a  fine  thread- 
like body,  by  which  it  is  attached  to  the  lower  part  of  the 
column.  The  inferior  portion  of  the  spinal  canal,  lumbar, 
sacral,  and  coccygeal  (where  it  is  quite  imperfect),  is  occu- 
pied with  the  membranes  and  by  the  nerves  proceeding  from 
the  spinal  marrow.  This  assemblage  of  nerves  within  the 
canal  was  called  by  the  older  anatomists  the  cauda  equina, 
in  the  centre  of  which  will  be  found  the  terminating  filum 
or  thread  of  the  organ  itself. 
'  The  spinal  marrow  is  composed,  like  the  brain  and  cere- 


bellum,  of  a  medullary  and  cineri- 

tioua  portion ;  but  here  the  CT«y 
f  matter  is  central  and  the  luedul- 
larj  external.  A  fluid,  clear  and 
Ij  limpid,  discovered  by  Cotuuui,  a 
^  disnngiuBhed  Neapohtan  phTsiciaD, 
,  fills  up  the  space  intervening  be- 
''  tween  the  arachnoid  membrane  and 
U  the  pia  mater,  by  meanB  of  which, 
'"  no  doubt,  tliis  extremely  delicate 
"  or^an  is  protected  irom  shocks  and 
other  injuries. 

6  190.  Strwtvre  of  the  Ence- 
philon.  —  The   organ  is   composed 
^   of   two    distinct    substances,     the 
cineritious  and  medullary;  this  lat- 
ter \*  fibrous,   and  to  the  tracing 


Tebrnm ;  h,  ulterior  lobe  oftha 
1  of  the  brun  i  e,  middle  lab« ; 
be,  almOBt  CDDcealed  br  tbe 
the  cerebellum;  /,  the  me. 


nU  them  the  ej^tli  pair^   9,  tbe'^oaso- 
pharjDgnl  nervee,  cMled  the  iudi£  pur 

d  in  tlu  ei 

1  twel^p 


of  the  eighth  jmut  ;  10,  the  pnenmogBitric, 
■— *  ineloded  in  tlie  eighth  piiir,   bv 

^kHaI    tbit  lonlli  itnir.    t1     ^^-^^^    Je 


■a  cslled  tbe  tenth  pi 


K%J 


THE  NBEVOirs  SYSTEM.  97 

its  fibres  anatomists  have  in   all  ages  given  the   greatest 
attention. 

By  commencing  with  the  spinal  marrow,  and  tracing,  its 
fibres  upwards,  it  will  be  found  that  it  is  composed  of  two 
halves,  united  to  each  other  by  transverse  medullary  fibres. 
These  halves  are  each  composea  of  six  medullary  bands  or 
columns,  of  which  four  occupy  the  anterior  surface,  two  the 
posterior.  The  four  anterior  ones  may  be  traced  upwards 
mto  the  corresponding  pyramidal  and  olivary  bodies,  pro- 
ceeding from  thence  into  the  brain  itself;  the  two  posterior 
proceed,  we  shall  find,  to  the  cerebellum.  To  return  to  the 
olivary  and  pyramidal  fasciculi:  we  observe,  first,  that  a 
portion  of  those  on  the  right  side  cross  to  the  lefb,  and 
those  from  the  lefb  to  the  right  column,  thus  ^decussating 
with  each  other.  After  this  decussation,  they  plunge  into  the 
annular  protuberance  (pons  varolii),  and,  continued  forwards, 
constitute  the  crura  cerebri.  The  fibres  from  these  ulti- 
mately expand  in  the  convolutions  of  the  anterior  and  middle 
lobes  of  tne  brain.  The  longitudinal  fibres  of  the  olivary 
fasciculi  ascend  like  those  of  the  pyramids,  and  passing 
through  the  pons  form  the  inner  and  posterior  parts  of  the 
peduncles  of  the  brain;  during  their  course  they  traverse 
several  masses  of  the  cineritious  substance,  increase  in  size, 
and  finally  pass  into  or  form  various  parts  of  the  brain, 
as  the  thalami  optici  and  corpora  striata;  finally,  they 
expand  into  the  cerebral  convolutions.  Several  transverse 
commissures,  as  the  corpus  callosum,  and  anterior  and  pos- 
terior commissures,  connect  the  two  sides  of  the  brain  with 
each  other. 

The  posterior  columns  of  the  medulla  oblongata  (restiform 
bodies)  unite  with  some  fibres  coming  from  the  neigh- 
bouring portions  of  the  meduUa  spinalis,  and  thus  constitute 
the  crura  cerebelli,  or  crura  ad  medullam  oblongatam ;  these 
fibres  phmge  into  the  centre  of  the  cerebellar  hemispheres,  and 
assist  m  forming  the  central  medullary  mass,  which  being  in- 
vested with  cineritious  matter,  forms  that  remarkable  assem- 
blage of  laminae  to  which  anatomists  give  the  name  of  arbor 
vitse,  seen  on  making  a  section  of  either  hemisphere  of  the  cere- 
bellum. Thus  the  cerebellum  receives  crura  or  peduncles 
from  three  sources,  viz.,  the  pons,  the  medulla  oblongata, 
and  the  tubercula  quadrigemina. 

§  191.  Nerves. — ^The  nerves  originating,  or  as  some  view 
it,  terminating,  in  the  encephalon,  amount  to  forty-three  pairs 
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(see  Fig.  55  and  Fig.  57);  they  are  reckoned  numerically 
from  before  backwards.  The  first  twelve  pairs  arise  within 
the  cranium,  and  leave  the  cavity  by  apertures  in  the 
cranial  bones ;  the  thirty-one  pairs  which  follow  arise  from 
the  spinal  marrow,  and  leave  the  osseous  canal  by  open- 
ings called  intervertebral,  as  being  placed  between  the 
vertebrae. 

Each  of  these  pairs  of  nerves  is  formed  _  *  _ 
of  a  great  number  of  filaments,  enclosed  in 
a  neurilemma.  These  elementary  fibres  are 
extremely  fine ;  they  do  not  unite  with  each 
other,  but  pass  from  the  central  extremity 
of  the  nerve  to  the  peripheral.  At  their 
origin,  the  fibres  composing  the  nerve  are  -  .,  .  |^  ^  ^ 
called  roots,  and  are  grouped  in  the  spinal 
nerves  into  anterior  and  posterior  roots.  ^    '  " 

On  the  posterior  rootis  a  ganglion  throujgh  -^    ^{ 

which  the  filaments  pass,  and  then  unite  with 
the  anterior  root.  On  certain  of  the  cranial  nerves,  some  of 
the  roots  also  have  ganglions.  Experiment  has  shown  that 
the  posterior  roots  are  nerves  of  sensation;  the  anterior, 
nerves  of  motion:  when  nerves  unite  with  each  other  by 
what  is  called  anastomosisf  (although  they  do  not  really 
unite,  but  merely  exchange  fibres),'  there  results  what  is 
called  a  plexus.;|;  Finally,  in  the  various  organs  the  nerves 
seem  to  terminate  by  forming  wide  plexuses  or  loops. 

§  192.    Ganglionary  System. — This  system — which  has 
also  been  called  the  nervous  system  of  organic  life,  the  sys- 

of  the  neck  and  thorax  belon^ng  to  the  sympathetic  system  of  nerves. — 
1,  pneumogastric  nerve,  the  principal  branches  of  which  form  plexuses  with 
the  great  sympathetic,  to  supply  the  lungs,  heart,  stomach,  &c. ;  6, 7,  branches 
of  the  pneumogastric,  supplying  the  larynx ;  9,  9,  recurrent  nerve,  a  branch 
of  the  pneumogastric  ascending  from  the  base  of  the  neck  to  the  larynx  ; 
10,  11,  cardiac  l)ranche3  proceeding  to  the  heart;  13,  pulmonary  plexus; 
14,  lingual  nerve ;  15,  terminal  portion  of  the  great  hypoglossal ;  16,  glosso- 
pharyngeal nerve  ;  17,  spinal  accessory  of  Wifiis  ;  18,  cervical  nerve  of  the 
second  pair  of  spinal  nerves ;  19,  third  cervical  pair ;  23,  26,  27,  28,  pairs  of 
oervical  nerves,  uniting  with  the  first  dorsal  to  form  the  brachiaJ  plexus ; 
24,  superior  cervical  ganglion  of  the  great  sympathetic  ;  25,  middle  cervical 
gangbon ;  26,  inferior  cervical  ganglion ;  27  to  30,  dorsal  ganglions. 

♦  A  portion  of  the  spinal  marrow. — a,  medulla  spinalis ;  6,  posterior  root 
of  one  of  the  nerves ;  c,  gan^on  situated  on  this  root ;  <2,  anterior  root  of 
the  same  nerve,  about  to  umte  with  the  posterior  root  after  this  latter  has 
passed  the  ganglion;  «,  common  trunk  formed  by  both  roots;  f^  small 
branch  proceeding  to  anastomose  with  the  great  sympathetic. 

t  It  is  not  then  a  true  anastomosis. 

X  Plexus,  from  plecto  (I  intermingle),  is  a  term  applied  also  to  the  blood- 
vessels, and  means  merely  a  sort  of  network. 
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tem  of  the  great  sympathetic,  4c, — is  composed  of  a  oerfmn 
number  of  Bmall  maeseii  of  nervous  matter,  unit«d  to  each 
other  by  filamenta  of  commiinicatjon,  and  by  the  same  meann 
to  the  nerves  of  the  cerebro-spinal  nystem.  From  these 
ga&gUons,  nerves  proceed  to  numeroas  vit&l  o^ana,  ajid  are 
supposed  also  to  follow  the  conrGe  of  all  the  great  blood- 
vessels. 

The  ganglions  composine  this  system  are  arranged  in 
a  double  column  on  each  tiide  the  spine,  anteriorly,  from  the 
first  vertebra  to  the  laat ;  but  man  j  others  are  scattered  through 
theviscera.  Theyare  notfoundin  thelimbs,  A  broad  distinc- 
tion which  eiis^  between  the  cerehro-spinal  nerves  and  the 
ganglionary  is,  that  the  former  proceed  to  the  skin,  organs 
of  sense,  mneeles.  Sec.;  the  latter  to  the  vital  organs,  as  the 
heart,  intestines,  liver,  kidneys,  &c. ;  the  fomler  are  nerves 
of  relation ;  the  latter  have  more  a  reference  to  nutritiou. 

§  193.  Nervoui  Syitem  of  other  Animals. — In  all  ani- 
mals, birds,  fishes,  and  reptiles,  the  arrangementB  of  the  nervous 
system  are  much  as  in  man. 

But  in  the  invertebrata  it  is 
not  SO;  in  these  the  cerebro- 
spinal aiis  seems  wanting,  and  all 
the  nerves  of  the  body  seem  to 
reunite  in  certain  ganglions  more 
or  less  apart  from  each  other 
(Fig.  60).  Finally,  in  the  great 
divisions  of  the  zoophytes,  there 
remains  only  a  vestige  of  a  rudi- 
mentary nervous  system,  and 
even  this  seems  to  be  occasionally 
entirely  absent.  In  speaking  of 
these  various  groups  of  animals, 
the  peculiarities  here  adverted  to 
will  be  noticed. 
^     ^    „  „  ,        Let  us  now  consider  the  func- 

la   In.Mt  (Cu^bui  of  ilK     'lo°8  oft"*  system, 
gwdfoe).  §  194.  Sensibility  is  the  faculty 

to  receive  impressions,  and  to 
have  a  conscionsnesa  of  them.  It  belongs  to  all  animals,  but  in 
different  degrees.  Ae  weascend  in  the  zoological  scale,  the  sen- 
sations become  more  and  more  varied,  the  knowledge  acquired 
through  them  greater,  the  nervous  system  more  complex. 
§  195.  In  the  lowest  class  of  animals,  the  structure  is  at 
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fijTst  very  simple,  and  jbheir  sensations  do  not  seem  very 
distinct.  In  the  earth-worm,  a  knotted  cord  extends  through- 
out the  whole  length  of  the  hody,  and  to  and  &om  these 
knots  or  ganglions  the  nerves  proceed;  hut  each  of  these 
parts  seems  equal  to  every  other,  and  there  is  no  special- 
ization of  any.  This  simplicity  of  structure  gives  way  to  a 
form  more  complex  as  we  ascend  in  the  animal  scale. 

§  196.  Functions  of  the  Nerves, — ^All  parts  of  the  hody 
are  not  equally  supplied  with  nerves,  and  there  are  parts 
which  seem  to  have  none.  Hence,  no  doubt,  is  the  fact  that 
whilst  some  j^arts  are  extremely  sensitive,  others  are  hut  little 
so,  or  wholly  msensihle.  No  experiments  are  required  to  show 
that  a  part  owes  its  sensibility  to  the  contiguity  of  the  neive 
which  connects  it  with  the  central  organs  of  the  nervous 
system.  The  nerves,  then,  are  not  the  organs  by  which  the 
sensations  are  perceived ;  they  merely  transmit  them  to  the 
central  system,  where  all  perception  resides.* 

§  19/ .  Where,  then,  is  the  seat  of  the  faculty  of  perception  ? 
Which  is  the  perceiving  organ  ? 

§  198.  Infiuence  of  the  JBruiephalon, — Does  perception 
reside  in  the  spinal  marrow,  the  cerebellum,  or  the  cerebrum  ? 
Experiments  on  Hving  animals,  surgical  operations,  and 
accidents,  have  repeatedly  proved  that  the  seat  of  perception  is 
not  in  the  spinal  marrow.  The  cuttin^'this  across  in  a  living 
animal  merely  destroys  the  sensibihty,  and  paralyzes  the 
movements  of  all  the  parts  supplied  with  nerves  from  it  below 
the  point  divided. 

With  the  brain  it  is  quite  otherwise.  The  surface  of 
the  brain  and  its  substance  generally,  may  be  cut  or  irritated 
in  a  living  animal  without  it  being  sensible  of  any  injury 
or  pain ;  but  remove  it,  and  the  whole  body  of  the  animal 
instantly  becomes  insensible.  The  action  of  the  brain  is  as 
essential  in  the  perception  of  sensations  as  for  the  acts  of 
volition. 

§  199.  The  insensibilit]^  of  the  brain  when  cut  or  rudely 
touched  is  a  remarkable  circumstance,  long  known  however 
to  surgeons.  But  the  faculty  of  perceiving  sensations  caused 
by  impressions  on  the  organs,  resides  in  it ;  and  it  would 
seem,  from  Flourens's  experiments,  to  reside  more  especially 

*  It  is  now  certain  that  perceptions  or  impressionB  on  the  central  organs  of 
the  nervous  system  are  of  two  kinds;  one  attended  with  consciousness,  the 
other  without. — It.  K. 
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in  the  hemispheres  of  the  cerebrum,  to  which  the  sensations 
are  transmitted  by  the  nerves. 

§  200.  Neither  ought  it  to  be  forgotten  that  each  nervous 
fibril  is  quite  distinct  from  one  extremity  to  another ;  and  to 
this  must  be  ascribed  the  distinctness  in  our  sensations,  and 
the  referring  them  always  to  their  peripheral  extremities.  After 
amputation,  the  pains  which  occasionally  continue  are  con- 
stantly referred  to  the  foot  or  hand  which  is  no  longer 
present. 

§  201.  Nerves  of  Sensibility  or  Sensation, — ^All  nerves 
have  not  the  power  of  transmitting  sensations  to  the  b^'ain  ; 
some,  on  the  contrary,  are  clearly  nerves  of  motion,  whether 
acted  on  by  our  will  or  excited  by  other  means.  Some 
nerves,  as  the  optic,  transmit  only  the  impressions  received 
from  colours ;  to  other  stimulants  this  nerve  is  insensible. 

§  202.  Modifications  of  the  Sensibility. — To  these  modi- 
fications of  the  sensibility  we  owe  the  five  senses  ;  the  senses 
of  touch,  taste,  smell,  hearing,  seeing,  are  so  many  distinct 
faculties  putting  us  in  relation  with  the  various  qualities  of 
the  external  world.  To  the  first  pair  of  nerves  belongs  the 
sense  of  odours;  by  the  second  pair  we  perceive  coloured 
bodies ;  the  portio  mollis  of  the  seventh  pair,  by  some  called 
the  eighth  pair,  is  the  instrument  by  which  the  sensation  of 
sounds  is  conveyed  to  the  brain  ;  and  by  means  of  a  branch 
of  the  fifth  pair  we  perceive  the  sapid  qualities  of  object* ; 
whilst  the  spinal  nerves  distributed  to  the  fingers  and  toes, 
endow  their  extremities  with  fine  tactile  powers. 

§  203.  The  roots  of  the  spinal  nerves  being  double,  a 
double  function  had  been  long  suspected ;  this  was  put  beyond 
dispute  by  Bell  and  Magendie,*  who  showed  that  by  the 
posterior  roots  the  sensations  travel  to  the  brain,  whilst  by 
the  anterior  the  power  of  motion  travels  to  the  muscles. 
Some  differences  have  been  observed  in  various  paiis  of  the 
spinal  marrow ;  the  sensibility  is  acute  in  the  dorsal  aspect 
of  the  organ,  and  much  more  feeble  anteriorly. 

§  204.  Ganglionary  System. — This  system  is  but  little,  if 
at  all,  sensible  to  ordinary  stimulants;  neither  cutting  nor 
pinching  affects  it.  In  the  healthy  state,  the  organs  to 
which  the  nerves  of  this  svstem  proceed  are  in  like  manner 
but  little,  if  at  all,  sensible ;  but  when  diseased  their  sensi- 
bilities become  highly  exalted. 

•  First  by  Mr.  A.  Walker,— B.  K. 
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§  205.  Special  Organs  of  the  Senses. — ^The  apparatus  of 
the  sensibility  is  uot  composed  only  of  the  different  parts 
of  the  nervous  system  whose  uses  we  have  already  pomted 
out ;  the  nerves  furnished  with  the  faculty  of  transmitting  to 
the  brain  the  sensations  reaching  us  from  without,  do  not 
terminate  freely  in  the  exterior,  so  as  to  receive  directly  the 
contact  of  the  producing  agents  of  our  sensations,  but  termi- 
nate in  positive  instruments  destined  to  collect,  so  to  say,  the 
excitation,  and  to  prepare  it  in  such  a  way  as  to  assure  its 
action.  These  instruments  are  the  organs  of  the  senses,  and 
it  is  essentially  by  the  intermedium  of  these  organs  that  the 
sensations  reach  us ;  but  they  are  not  indispensable  for  the 
exercise  of  all  these  faculties :  the  tactile  sensibility  may  be 
called  into  play  everywhere  where  nerves  exist  adaptea  to 
conduct  the  ordinary  sensations,  and  it  is  only  by  the  special 
senses,  that -is  to  say,  by  the  taste,  smell,  hearing,  and  sight, 
that  this  intermediat'O  organ  between  the  nerve  and  the 
external  world  is  a  necessary  condition. 

Having  studied  in  a  general  way  the  phenomenon  of  the 
sensibility,  as  well  as  the  organs  which  are  its  seat,  we  ought 
now  to  examine  more  in  detail  each  of  the  forms  under  which 
this  property  is  manifested,  or  in  other  words,  enter  on  the 
particular  history  of  each  of  the  senses  with  which  nature 
has  endowed  animals. 

OF  THE  SENSE  OF  TOUCH. 

§  206.  All  animals  possess  a  tactile  sensibility  more  or 
less  delicate,  and  it  is  especially  by  the  intermedium  of  the 
membrane  with  which  the  smface  of  their  bodies  is  covered, 
that  this  faculty  is  exercised.  To  study  it,  it  is,  then, 
above  all  necessary  to  examine  what  is  the  structure  of  the 
skin. 

In  man,  the  external  surface  of  the  body,  and  that  of  the 
cavities  hollowed  out  in  the  interior,  but  communicating 
externally,  such  as  the  digestive  canal,  <&c.,  are  clothed  with 
a  tegumentary  membrane  more  or  less  thick,  and  quite 
distinct  &om  the  parts  which  it  covers.  This  membrane  is 
everywhere  continuous  with  itself,  and  in  reality  it  forms  but 
a  continuous  whole;  but  its  properties  are  not  everywhere 
the  same,  and  it  is  called  by  different  names  when  it  is 
reflected  internally  to  line  the  interior  cavities,  or  when  it  is 
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extended  over  the  outer  surface  of  the  body.  The  internal 
portion  of  the  general  tegumentary  membrane  is  called 
mticous  membrane,  and  the  external  portion  skin» 

§  207.  Structure  of  the  Skin. — Two  principal  layers 
compose  the  skin :  the  dermis  or  true  skin,  and  the  epidermis 
or  scarf  skin. 

The  dermis  forms  the  deeper  and  thicker  layer  of  the  in- 
teguments. It  is  a  strong,  supple,  elastic  membrane,  whitish, 
and  very  resistant.  A  great  number  of  fibres  may  be  seen 
in  it,  crossing  each  other  in  all  directions.  Beneath  it  is  a 
dense  layer  of  cellular  substance  connecting  it  to  the  sul^aceut 
parts,  and  in  this  sometimes  fleshy  fibres  are  found.  On  its 
surface  may  be  seen,  especially  in  the  palms  of  the  hands  and 
extremities  of  the  fingers,  the  elevations,  called  papillse, 
arranged  in  regular  rows.  Of  the  dermis  of  animals  leather 
is  made. 

The  epidermis  is  a  kind  of  insensible  varnish  laid  over  the 
sensitive  skin  beneath.  It  is  a  tissue  composed  of  dried-up 
utricules,  which  form  on  the  surface  of  the  dermis,  and  whicn 
harden  only  by  bein^  exposed  to  the  air.  It  is  composed  of 
several  layers,  of  which  the  lower  or  deepest  layer,  being  soft 
and  contaming  the  pigmentary  matter  giving  the  colour  to 
the  skin,  has  been  viewed  and  described  by  some  physiologists 
as  a  distinct  membrane,  under  the  name  of  rete  mucosum»  In 
man,  and  in  many  animals  resembling  him,  the  epidermis  is 
cast  off  in  the  form  of  small  scales,  which  are  constantly 
renewed.  In  serpents,  the  entire  epidermis  is  cast  off  as  a 
slough. 

The  pores  of  the  skin  correspond  to  the  summits  of  the 
papillse  just  described.  They  give  passage  to  the  perspiration 
or  sweat,  an  acid  liquid  .formed  by  secretion,  and  which  must 
not  be  confounded  with  the  insensible  perspiration.  These 
pores,  exceedingly  minute,  do  not  traverse  the  skin ;  they  are 
merely  the  orifices  of  the  excretory  canals  of  so  many  small 
ampullaB  lodged  in  the  substance  of  the  skin,  and  which  are 
the  secreting  organs  of  the  sweat. 

Other  larger  orifices  are  found  on  the  surfisice  of  the  skin ; 
some  for  the  passage  of  the  hairs,  and  others  for  the  escape 
of  a  fatty  matter  secreted  by  follicles  lodged  in  the  substance 
of  the  skin.     These  ai'e  called  sebaceous  glands  or  follicles. 

§  208.  The  principal  use  of  the  epidermis  is  to  throw 
obstacles  in  the  way  of  evaporation,  and  to  protect  the  sen- 
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nitive  skin  beneath.  It  deadens  more  or  less  all  impressions, 
and  hence  its  thickness  on  the  heel  and  sole  of  the  foot 
^nerally:  it  thickens  whenever  it  is  exposed  to  friction. 
Finally,  in  some  animals  it  becomes  encrusted  with  calcareous 
matters,  becoming  then  altogether  inflexible,  and  rendering 
the  surface  of  the  body  insensible. 

§  209.  The  sensibility  of  the  skin  resides  in  the  dermis, 
and  depends  on  the  nerves  of  touch  distributed  to  the 
papilla. 

§  210.  Special  Organs  of  Touch. — ^Tactile  sensibility  is 
spr^  over  the  whole  body,  but  it  is  in  the  extremity  of  the 
migers  alone  that  the  true  power  of  touch  resides.  The  hand, 
of  course,  is  especially  made  for  the  exercise  of  this  faculty. 
The  delicacy  of  the  integuments,  the  length  of  the  Angers, 
and  the  opposing  thmnb,  all  contribute  to  this  effect. 

In  most  animals  these  organs  are  not  so  favourably 
arranged :  nevertheless,  the  proboscis  of  the  elephant  is  a 
wonderfully  tactile  instrument.  There  are  animals  which  em- 
ploy the  tongue  for  this  purpose,  and  others  are  provided  with 
palpi,  tentacula,  <&c.  (Figs.  7,  8)* 

§  211.  By  touch  we  appreciate  most  of  the  physical  pro- 
perties of  bodies,  such  as  their  dimensions,  form,  temperature, 
consistence,  polish  or  the  opposite,  weight,  movements,  &c. 
Some  philosophers  have  adopted  exaggerated  ideas  of  the 
importence  of  this  sense  to  human  intelligence,  for  which 
there  is  not  the  slightest  occasion. 

*       OF  THE   SENSE  OF  TASTE. 

§  212.  By  this  sense  we  discover  the  savours  of  bodies. 

§  213.  Certein  bodies  are  extremely  sapid,  others  but 
little,  and  some  not  at  all.  The  cause  of  these  differences  is 
quite  unknown ;  but,  generally  speaking,  insoluble  bodies  aie 
not  sapid,  and  when  the  tongue  is  dry  and  parched  the  taste 
is  not  perceived. 

§  214.  By  taste  most  animals  distinguish  their  food ;  and 
hence,  no  doubt,  the  reason  why  the  instrument  is  placed  at 
the  entrance  of  the  digestive  tube.  The  tongue  is  the  prin- 
cipal seat  of  taste ;  but  other  parts  of  the  mouth  possess  the 
power  of  perceiving  certain  savours.  The  mucous  membrane 
which  covers  the  tongue  of  man  is  sufficientljjr  well  supplied 
with  bloodvessels  and  nerves  supplying  papillsa  of  various 


106  zooLoaY. 

fonuB — lenticular,  fungiform,  and  conical.    The  tongue  itself 
i«  muscular,  and  receives  branches  of  motor  and  sentient 
serves.     A  branch  of  the  fifth  pair  is  the  gustatory ;  it  is 
sometimes  called  lingual. 

§  215.  If  this  nerve  be  cut  in  the  living  animal,  the  sense 
of  taste  ia  destroyed,  but  the  movementa  of  the  tongue 
i*emain ;  if  divided  within  the  cranium,  the  sense  of  taste  is 
destroyed  all  over  the  interior  of  the  mouth. 

The  section  of  the  hvpoglossal  nerves  destroys  the  motion 
of  the  tongue  and  of  all  other  parts  to  which  these  nerves  pro- 
ceed. The  sense  of  taste  remains  unaffected.  The  glosso- 
pharyngeal, distributed  chiefly  to  the  pharynx,  and  which  are 
sensitive  nerves,  have  also  some  gustatory  powers. 

§  216.  The  tongue  has  nearly  the  same  structure  in  all 
animals ;  but  in  birds  it  is  generally  cartilaginous,  and  without 
nervous  papillse;  accordingly,  their  sense  of  taste  is  con- 
sidered as  obscure.  It  is  much  the  same  in  fishes ;  and  in 
the  lower  animals,  the  faculty  seems  to  be  exercised  by  all 
thelnterior  of  the  mouth. 

OF  THE   SENSE  OF  SMELL. 

§  217.  Odours  are  produced  by  particles  of  extreme 
tenuity,  which  escape  from  odorous  bodies,  and  spread 
through  the  air  like  vapours.  The  quantity  requisite  of 
some  of  these  odorous  niatters  powerfully  to  affect  the  smell, 
is  extremely  small ;  a  morsel  of  musk,  for  example,  will  per- 
fume the  air  of  a  room  for  a  considhrable  time  wi^nj^  losing 
its  weight.  Some  bodies  imbibe  ^^^MljlN^^^  beom|lodorous^ 
in  their  turn,  such  as  clothes  aniJMPer ;  bu^^a^  resist 
their  passage  altogether,  such  as  glas^  OdooWlSpe^  be  per- 
ceived at  a  great  distance,  but  the  ddorous  particles  must 
always  come  m  contact  with  the  organs.  For  this,  the  me- 
chanism, of  smell  is  analogous  to  that  of  taste  and  touch, 
whilst  in  sight  and  hearing  it  is  quite  otherwise. 

§  218.  As  the  air  is  the  ordinary  vehicle  of  odours,  the 
organ  perceiving  them  is  placed  at  the  entrance  of  the  respi- 
ratory tubes.  In  man,  as  well  as  in  mammals,  birds,  and 
reptiles,  the  nasal  fossse  are  the  seat  of  the  sense  of  smeU. 

§  219.  These  fossae  communicate  with  the  exterior  by  the 
nostrils,  and  open  behind  intothe  pharpx.  They  are  separated 
from  each  otner  by  a  vertical  partition;  their  walls  are 
formed  by  various  bones  of  the  fiEice,  and  by  the  cartilages  of 


the  nose.  On  the  external  wall  of  each  may  be  Been  three 
prominent  Uminte,  curved  on  themselvea ;  they  are  formed  by 
the  tDrtwated  bones ;  and  bv  being  thns  rolled  on  themselveii, 
they  thns  extend  considerably  the  pituitary  membrane,  which 
invexta  them.  Upon  this  membrane  the  olfactorr  nervea  are 
distributed.  Finally,  between  these  turbinated  bones  Uiere 
ai«    longitudinal    grooves, 

called     meatuses.       These  m      k  I  e  ■ 

foasie  communicate  with 
cavities,  called  sinnses,  hol- 
lowed out  in  the  thickness 
of  the  frontal  bone,  the  su- 
perior maiillarj',  &c.  The 
pitnit&cy  membrane  is 
thick,  and  has  a  velvety 
appearance;  on  its  surface 
maj  be  observed  a  vibratile 
movement,    produced     by 

microscopic  cilia ;  finally,  it  »      "  » 

is  continually  moistened  by  '    Fig,  eo  bit, —'SaalFotim,' 

a  viscouB  liquid,  called  nasal 

mucus,  and  it  receives  many  nervous  filaments  from  the 
ol&ct<WT  and  fifth  pair  of  nervea. 

§  2a).  The  membrane  must  be  moist,  in  order  that  odours 

may  be  perceived ;  and  the  sense  is  strongest  in  the  upper 

■    part  of  the  nostril.     The  extent  of  membrane  seems  greatly 

to  infiuence  the  power  of  the  organ ;  and  in  this  respect  the 

I    camivora,  the  ruminants,  and  some  pachydermata,   are  re- 

'.   markable  for  the  development  of  the  turbinat«d  bones,  and 

consequently  for  the  extent  of  mucous  membrane  covering 

them.     In  reptiles  the  organ  is  extremely  simple. 

§  221.  In  fishes,  the  nasal  foasEs  do  not  communicate 
with  the  pharynx,  but  are  merely  cavities  shut  in  at  the 
back,  and  the  pituitary  membrane  presents  in  them  a  num- 
ber of  Iblda,  arranged  like  rays  around  a  central  point,  or 
in  parallel  rows  like  the  teeth  of  a  comb,  on  each  side  of  a 
median  band. 

But  there  are  many  animals  which  have  a  fine  sense  of 

left  ni 

(,(bnlHnd{  >,BplieDDidilsiniu;  n.opviiiDgofthsEqBticliiaDtDi 
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Tbey  ore  BeoenlJ^  biuU  in  women. 


OF  THE  SENSE  OF  BEABINC 


§  222.  The  apparatus  of  hearing  is  very  complei,  minute, 
aud  difficult  to  desuribe,  and  ita  essential  part  is  enclosed 
within  the  rocky  portion  of  the  temporal  bone  {Pie.  61  e). 
We  divide  the  ear  of  man  into  three  portions — Hie  external 


Fig.  ei.— Aodiloi?  AppuatuB.* 

nofthaaaditorj  appHrataa,  BOmevhAl  m&gniflnd  aa  mpecta 

'  ■ththD«il*iTLilandiiorfoiunil(/)i 
astoid  piwew ;  e",  artjcular  divi^ 
oid  procea?  of  t^  temporal  bonv  i 
r  ",  viLrumitj  uL  uu«  uHikHi  iij  niucu  tile  mtemo]  carotid  arteiy  pBHM  Into 
tha  ioUrior  of  the  cranium;  f,  auricular  canal;  p,  membraDa  tjiDpaoi; 
A.  oa^ty  of.  tha  tynipaniuu ;  the  oaaiQala  anditua  Ji*o  been  removed ; 
t,  opemii^  in  the  waUofthotfiDpaniiin  leading  to  oBBeouaoellj;  the  fancoba 
□Tolii  ami  rotunda  ore  oloee  to  thia  opftning ;  k,  Euataahiau  tohe  ^  t,  T«li- 
bnle  t  >a,  aBniicircular  oanalB;  h,  eoehlea;  o,  aeouatic  nerve. 
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ear,  the  middle  ear,  oad  the  internal  ear.  The  external  ear  ih 
composed  of  the  paTiloo  or  figured  part  of  the  ear,  and  the 
auditory  canal. 

The  ^gured  part  of  the  ear  is  composed  of  a  fibro-cartila- 
ginous  lamina,  adhering  to  the  edge  of  the  auditory  canal,  and 
covered  with  a  very  fine  and  thin  skin,  dry  and  tenae,  and  is 
HO  arranged  as  to  form  an  acoustic  tube.  The  lobe  of  the  ear 
is  not  supported  by  any  cartilage.  The  auditory  tube  is 
partly  cartili^inous  and  partly  oaseons;  the  inteffuments 
pass  into  it,  and  i«rminat«  by  a  cul-de-sac  over  the  dmm  of 
the  ear.  It  ia  in  this  tube  or  canal  that  we  find  the  smdl 
sebaceous  follicles  which  secrete  the  cerumen — that  is,  the 
was  of  the  ear. 


Fig,  62.— Tjiaptianm  ud  Onicula  Auditus.* 
The  middle  ear  is  composed  of  the  tympanum,  of  the  cavity 
of  the  tympanum,  and  parts  connected  with  it. 

The  cavity  of  the  tympanum  isa  cavity  of  an  irregular  form, 
hollowed  out  in  the  snWance  of  the  rocky  part  t^the  tem- 
poral bone,  and  separated  liom  the  anditorycaiialby  the  mem- 
brane of  the  tympanum.  Opposite  to  tills  membrane  are  two 
openings,  called  the  fenestra  ovalis  and  rotoDda.  In  the 
back  wall  of  the  cavity  is  an  opening  leading  to  the  mastoid 

■  R^reflenU  the  cmvitj  of  die  tjinpaDum,  the  osBiciila  andjtua,  and  their 
muiclM,  magnified — lo,  Miityof  the  tjmpaniun;  b,  mcmbMin  IjmpBni,  or 
ratber  the  DHeoii&  circle  to  woich  it  ia  attacbed ;  c,  hsjidlt  of  the  njall«iu, 

reatineon  the  middle  of  the  membn  ' 

ArtJeuTatinf  with  the  latmB 
^lenoidnJ  Aature  ^  the  anl«noT  mascie  oi  cnemaL 
temtl  muBcle  of  tlie  malleuBi  g,  m^iS;    t,  \i 
Jc,  musedna  it«pediaa. 
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cells ;  and  inferiorly  may  be  seen  the  opening  of  the  Eusta- 
chian tube,  leading  to  the  nasal  fossse,  and  thus  admitting  the 
external  air  into  the  cavities  of  the  middle  ear.  Finally,  this 
cavity  is  traversed  by  a  chain  of  small  bones,  extending  from 
the  drum  of  the  ear  to  the  bottom  of  the  fenestra  ovalis, 
where  it  touches  by  the  base  of  the  stapes  the  membranous 
vestibule. 

The  bones  are  four  in  number,  and  are  called  the  malleus, 
incus,  lenticular  bone,  and  stapes.  A  small  stalk  belonging  to 
the  malleus  rests  on  the  drum  of  the  ear.  Finally,  small 
muscles  attached  to  these  bones  augment  or  diminish  the 
teusioi)  of  the  chain. 
The  internal  ear  is  also  enclosed  within  the  rocky  part  of  the 

temporal  bone.  Itis  composed  of  three  parts: 
,  '^  the  vestibule,  the  semicircular  canals,  and 

J-^       '  cochlea.    The  vestibule  is  in  the  middle, 

^^J»y     CV        and  communicates   with    the   tympanum 
Ij       A  r*        by  the  fenestra  ovalis.     The  semicircular 
''  canals  (m)  are  three   in  number,  and  are 

rounded  osseous  and  membranous  tubes. 
Finally,  the  cochlea  (n)  is  a  single  organ, 
.  resembling  the  shell  of  the  whelk;    its 

'  cavity  is  divided  into  two  parts  by  a  lon- 

gitudinal partition,  half  osseous,  half  mem- 
^^ ^r^eEar^**"^  brauous,  and  communicates  with  the  inte- 
rior of  the  vestibule  and  with  the  tym- 
panum by  the  fenestra  rotunda.  The  internal  ear  is  osseous 
and  membranous,  containing  a  watery  fluid,  and,  even  in 
man,  some  remains  of  a  semi-solid  body,  analogous  to  the 
vitrine  of  the  eye.  The  auditory  nerve  enters  the  rocky  part 
of  the  temporal  by  the  internal  auditory  caual,  and  terminates 
in  the  interior  of  the  membranous  pouches  of  the  vestibule, 
semicircular  canals,  and  cochlea.  On  its  integrity  depends 
the  sense  of  hearing. 

§  223.  Mechanism  of  Hearing. — Sound  is  the  result  of 
a  very  rapid  vibratory  movement  which  the  particles  of 
sonorous  bodies  experience  when  struck.  The  unaulations  of 
the  sonorous  body  are  communicated  to  the  air  which  is  in 
contact  with  it,  and  are  thus  propagated  to  a  distance.  To 
be  audible,  they  must  reach  the  fluid  which  immediately 
bathes  the  acoustic  nerve. 

§  224.  The  sonorous  vibrations  first  strike  the  external 

*  a,  the  malleus ;  ft,  the  incus ;  c,  the  lenticular  bone ;  <f,  the  stapes. 
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ear ;  by  it  they  are  reflected  and  strengthened,  and  directed 
towards  the  middle  ear  by  the  auditory  passage ;  but  in  man, 

STobably  from  the  smallness  of  the  external  ear,  the  loss  of  it 
oes  not  greatly  affect  the  hearing.  The  vibrations  excited 
in  the  external  ear  pass  internally  by  the  walls  of  the  canal, 
but  chiefly  through  the  air  which  fills  the  canal,  and  so  reach 
the  middle  ear. 

§  225.  The  membrane  of  the  tympanum  is  the  chief  agent 
in  facilitating  the  transmission  of  the  sonorous  vibrations  oi 
the  external  air  towards  the  acoustic  nerve ;  this  has  been 
proved  by  many  experiments. 

§  226.  The  yibrations  are  transmitted  from  the  membrane 
of  the  tympanum  to  the  small  bones  of  the  ear,  to  the  walls 
of  the  cavify,  and  to  the  air  it  contains,  and  thus  they  reach 
membranes  stretched  over  apertures  leading  to  the  internal 
ear.  Now  the  posterior  surface  of  these  membranes  is  in  con- 
tact with  the  aqueous  liquid  filling  the  internal  ear,  and  in 
this  liquid  are  suspended  the  membranous  pouches,  which,  in 
their  turn,  are  filled  with  another  liquid,  into  which  pluns^ 
the  terminating  filaments  of  the  acoustic  nerve.  Thus  the 
vibrations  reach  the  nerve  itself  by  which  the  sensation  is 
communicated  to  the  brain. 

§  227.  The  air  contained  in  the  cavity  of  the  tympanum 
seems  to  play  an  important  part  in  the  phenomena  of  hear- 
ing, for  it  has  been  observed  that  when  the  Eustachian  tube 
has  been  closed  by  disease,  deafiiess  is  almost  sure  to  follow. 
But  the  integrity  of  the  drum  of  the  ear  is  not  so  essential 
for  the  due  performance  of  the  function. 

§  228.  However  important  the  chain  of  small  bones  of 
the  tympanum  may  be  in  moderating  the  intensity  of  sounds 
strikmg  the  drum  of  the  ear,  or  by  assisting  in  its  tension  so 
as  to  enable  us  to  .perceive  remote  or  feeble  soiuids,  certain  it 
is  that  the  loss  of  the  hammer,  the  anvil,  and  lenticular  bone, 
does  not  necessarily  cause  the  loss  of  hearing,  which  howeyer 
is  said  to  be  sure  to  happen  when  the  stapes  has  also  been 
lost. 

§  229.  Admitting  that  all  the  parts  just  described  serve 
to  perfect  the  ear  of  man,  it  must  also  be  admitted  that  they 
are  not  all  essential  to  the  organ  as  an  instruraeut  of  sense. 
They  also  ^adually  disappear  as  we  descend  m  the  scale  of 
beings.  Thus,  in  birds,  we  have  no  longer  an  external  ear. 
In  reptiles  the  external  auditory  canal  also  disa^ears ;  the 
drum  of  the  ear  becomes  external,  and  the  cavity  dHue  tym- 
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panum  simplified;  finally,  in  most  fishes  every  vestige  of 
an  external  ear  and  a  middle  ear  disappears,  and  the  apparatus 
of  hearing  is  composed  of  a  membranous  vestibule,  surmounted 
by  three  semicircular  canals,  furnished  below  with  a  small 
sac,  which  seems  to  represent  the  c^ochlea,  the  whole  being 
suspended  in  the  lateral  part  of  the  great  cavity  of  the  cra- 
nium. 

In  animals  placed  still  lower  in  the  scale,  we  find,  also  dis- 
appearing, the  cochlea  and  semicircular  canals,  the  structures  of 
which  we  know  not  the  use  ;*  but  the  membranous  vestibule 
is  an  organ  which  is  never  wanting  in  any  ear.  A  membranous 
sac  filled  with  a  fluid,  into  which  penetrate  the  nerves  of 
hearing,  is  the  essential  of  the  organ.  In  this  fluid  are 
suspended  some  solid  corpuscles  which  oscillate  incessantly, 
and  which  may  be  compared  to  the"  otolites  of  the  internal 
ear  in  fishes. 

In  most  insects  there  is  no  vestige  to  be  found  of  the  organ 
of  hearing,  and  yet  those  animals  do  not  seem  insensible  to 
sound.  Finally,  in  zoophytes,  and  in  animals  still  lower,  the 
faculty  of  hearing  itself  appears  to  be  wanting. 

OF  THE   SENSE  OF  SIGHT. 

§  230.  The  sense  of  sight  enables  us  to  discover  the  pre- 
sence of  objects  by  their  colours.  It  takes  cognizance  also  of 
their  form,  size,  and  relative  position  to  us.  The  optic  nerve, 
•the  eye-baJl  and  its  appendages,  constitute  the  apparatus. 

§  231.  Structure  of  the  Eye. — ^The  globe  of  the  eye  is  a 
hollow  sphere,  composed  of  membranes,  and  humours  more 
or  less  fluid.  When  the  globe  of  the  eye  is  dissected  from 
without  inwards,  it  is  found  to  be  composed  of  the  tunic, 
called  sclerotic,  white  and  fibrous,  and  of  great  strength. 
In  front,  and  continuous  with  this,  is  the  translucent  cornea, 
by  which  the  rays  of  light  pass  into  the  interior  of  the 
eye.  If  the  cornea  be  opened,  the  aqueous  humour  escapes. 
By  removing  the  cornea,  or  a  large  portion  of  it,  we 
expose  the  iris,  a  coloured  circular  membrane,  placed  like 
a  partition  between  the  anterior  and  posterior  chambers  of 
the  aqueous  humours.  The  iris  floats  in  this  humour,  is  con- 
tractile,  and  by  its  contractility  the  aperture  in  its  centre, 

•  According  to  the  experiments  of  M.  Flourens,  it  would  seem  that  the 
destruction  of  the  semicircular  canals  does  not  destroy  the  hearing,  but  renders 
it  painful  and  confused. 


called  the  pnpU,  and  which  in  man  is  circular,  varies 
perpetually  with  the  amount  of  light  to  which  the  eye  is 
exposed.  This  drcular  membrane  is  muscular,  or  at  least 
fibrous   and   contractile,   and  is   abundantly   supplied    with 

Continuous  with  the  irifl,  f*     ^         j      or  i 

and  extending  backwards 
beneath  the  sclerotic,  is  the 
dark  vascular    membrane, 

called    choroid,    connected       "  ' 

with  the  pigment  of  the 

eye ;  and  witSiu  it  the  re-     ,  r 

tina,  or  membrane  in  which  .  „ 

the  optic  nerve  terminates. 

The  humours  which  these     , 
membrancB  cont^  and  cir- 
cumscribe  are    in    succes-  ^.  ^ 
sion,  proceeding  from  before  '   '         "  *" 

wk-^rse  „.«,;.    »«■  "asa.!"" "'• 

humour,  the  lens,  and  the 
vitreous  humour. 

The  optic  nerve  enters  the  eyeball  towards  the  back  part, 
passing  through  the  sclerotic  and  choroid,  and  terminates  in 
the  retina,  which  is  generally  viewed  as  an  expansion  of  this 
nerve.  But  other  nerves  enter  the  eyeball,  such  as  the 
ciliary,  coming  partly  liom  the  fifth  pair  and  partly  from  a 
gang;lion,  the  ophthalmio,  with  which  the  fifth  and  third  coni- 
mnnicat^.  From  this  ganglion,  though  small,  most  of  the 
ciliary  nerves  proceed  mto  the  interior  of  the  eye  to  supply 
the  ciliary  circle  and  the  iris. 

The  cifiarjr  ligament  or  circle  ia  a  pecaliar  ring  connecting 
the  choroid,  iris,  and  sclerotic  to  each  other.  Its  nature  and 
functions  have  not  yet  been  determined,  but  it  Ib  well  sup- 
plied with  nerves  in  animals  of  strong  vision,  as  in  tbe  eagle 
and  vulture.  The  humours  are  colourless  and  transparent, 
and  the  same  remark  applies  to  all  the  parts  situated  between 

*  0, the trviapareDt come» ;  ■,Bc]en>tioi  I'.portionLjf theKlerotic tamod 
roid;  e,  the  ratiii&;  n,  the  optic  netrA;  cb,  anterior  di&mb^  of  iheejf, 
terioT  Dhunber  by  the  □peniDg  in  the  inB,  called  the  pupil ;  these  chunben 

ctTBtklLine  humour  or  lene ;  pe, 
bl,^  portiDQ  of  tlie  coujupotivB- 
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the  exterior  and  the  retina  in  the  axis  of  vision,  or  measured 
by  the  size  of  the  pupil.  The  cornea  is  everywhere  abso- 
lutely transparent,  and  so  is  the  conjunctiva  which  covers  it. 

In  the  iris,  some  of  the  fibres  proceed  like  radii  from 
the  free  edge  of  the  pupil  towards  the  base;  others  sur- 
round, as  it  were,  the  pupil,  and  act  like  a  sphincter  in 
contracting  the  orifice.  The  aqueous  humour,  though  quite 
transparent,  contains  a  little  sdbumen  and  salts,  such  as  are 
met  with  in  all  animal  secretions.  When  suffered  to  escape 
by  a  puncture  or  section  of  the  cornea,  it  is  speedily  replac^. 
The  ciliary  processes  seen  surrounding  the  capsule  of  the 
lens,  and  which  are  appendages  of  the  choroid  membrane,  are 
extremely  vascular,  and  may  be  the  source  of  the  secretion  of 
this  humour. and  of  the  vitrine. 

The  crystalline  humour  or  lens  is  a  body  of  considerable 
density,  composed  of  concentric  layers.  It  is  enveloped  in  a 
distinct  capsule,  and  when  removed  in  young  animals  may  be 
replaced  by  another.  The  lens  is  more  convex  posteriorly 
than  anteriorly  in  man. 

The  vitrine  (vitreous  humour)  is  a  semi-solid  body,  enclosed 
in  a  capsule,  intersected  by  membranous  partitions,  in  which 
the  fluid  is  contained.    Its  membrane  is  called  the  hyaloid. 

In  albinos,  the  pigment,  an  appendage  of  the  choroid  and 
iris,  is  wanting. 

Under  a  high  microscope,  the  filaments  of  the  optic  nerve 
seem  to  terminate  in  numerous  cylindrical  papillae,  resembling 
mosaic. 

§  232.  Mechanism  of  Vision. — ^The  sun  and  bodies  in  a 
state  of  ignition  are  visible  in  themselves ;  but  other  bodies 
are  visible  to  us  only  by  the  reflection  of  light  in  such  a  way 
as  to  reach  us. 

Light  moves  with  extreme  rapidity;  it  aflects  us  only 
when  it  reaches  the  retina;  opaque  bodies  reflect  or  absorb  it; 
transparent  bodies,  as  air,  offer  it  a  free  passage. 

Whatever  obstructs  the  free  passage  of  the  light  through 
the  conjunctiva,  cornea,  and  humours  of  the  eye,  in  its  way 
to  the  retina,  obstructs  or  destroys  vision ;  hence  the  effects 
of  opacity  of  any  of  these  structures :  the  cataract  which 
destroys  vision  is  merely  an  opaque  lens,  which  being  removed 
out  of  the  axis  of  vision  by  the  surgeon,  restores  the  function 
of  the  eye. 

But  these  diaphanous  parts  of  the  eye  serve  other  purposes 
besides  the  negative  one  of  permitting  the  free  passage  of  the 
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rays  of  light  into  the  interior  of  the  eyeball ;  they  change 
the  direction  of  the  rays  of  light.  The  eye  is  but  a  kind  of 
camera  ohscura,  the  image  of  objects  being  as  it  were  painted 
on  the  retina ;  this  image  we  see,  and  not  the  object  itself. 

To  understand  this  part  of  the  history  of  vision,  it  is  only 
necessary  to  refer  briefly  to  some  of  the  laws  of  optics. 

Light  travels  in  straight 
diverging  lines.  When  they 
fall  perpendicularly  on  the  sur- 
face of  a  transparent  body,  they 
traverse  it  without  any  change 
in  their  direction;  but  falling 
obliquely,  they  are  always 
affected  more  or  less  in  their 
direction.  If  they  are  passing 
from  a  rarer  into  a  denser  me- 
diiun,  as  from  air  into  water, 
they  are  refracted  towards  the 
perpendicular ;  the  opposite 
happens  in  passing  from  a  denser  into  a  rarer  medium ;  they 
are  then  refracted  from  the  perpendicular.  A  straight  rod,  for 
example,  plunged  into  water,  appears  bent  at  the  point  of 
immersion ;  and  by  placing  a  coin  in  an  empty  basm  (Fig. 
65  a),  so  that  it  shall  be  invisible  to  the  eye  of  the  observer, 
it  will  become  visible  by  merely  filling  the  basin  with  water 
(e),  for  then  the  rays  of  light  from  the  ewer  which  for- 
merly took  the  direction  of  e,  and  did  not  reach  the  eye  of 
the  observer,  will  now  pass  in  the  direction  of  d  b,  and  so 
the  coin  will  be  seen. 


Fig.  66. 


a  ^ 
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The  form  of  the  surface  of  the  body  on  which  the  li^ht 
falls,  modifies  greatly  the  further  direction  of  the  ray.  Thus, 
let  us  suppose  that  three  rays  start  from  the  same  point,  a 
(Fig.  66),  traverse  the  air,  and  faU  on  the  surface  of  a  convex 
lens.  The  ray  a  c  striking  the  surface  of  the  lens  perpendicularly 
will  pass  directly  through  it,  experiencing  no  deviation ;  but 
the  ray  a  d  will  be  re&acted  at  e,  and  proceed  towards 
the  perpendicular  ef;  the  same  will  happen  to  the  ray  a  g, 
which  being  refracted  at  /,  will  become  a  i.  By  this  re- 
fraction, rays  of  light  passing  through  the  lens,  meet  at  last 
in  a  focus. 

When  the  surface  on  which  the  rays  strike  is  concave  instead 
of  convex,  the  opposite  effect  takes  place,  as  may  be  understood 
by  figure  67,  m  which  b  h  represents  the  concave  surface 
a,  the  point  whence  the  three  rays  start,  a  c  the  perpendicular 
ray  passing  directly  through,  and  the  rays  a  d  and  a  i  will 
assume  the  direction  of  a^^and  a  g» 

b  e  J 


The  deviation  which  the  rays  of  light  thus  experience  is 
proportionate  to  the  convexity  of  the  lens ;  and  the  degree  of 
remiction  is  also  in  the  ratio  of  the  density  of  the  body  and 
its  combustibility. 

§  233.  Apply  these  principlesto  vision.  When  the  rays 
of  light  fall  on  the  cornea,  a  part  are  reflected,  and  this  ^ves 
to  the  eyes  their  brilliancy  and  the  power  of  seeing  objects 
reflectea  bv  them,  as  in  a  looking-glass.  The  rays  passing 
through  tne  dense  cornea  are  re&acted  towards  the  perpen- 
dicular ;  they  now  meet  the  aqueous  humour,  which  being  less 
re&angible  than  the  cornea,  restores  them  somewhat  to  their 
primitive  direction.  Thus  a  greater  number  of  rays  pasfe 
through  the  pupil  than  could  have  happened  by  any  other 
arrangement.     The  rays  which  strike  the  iris  are  absorbed  or 
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reflected ;  those  falling  on  the  pupil  pass  directly  through  it, 
which  of  course  admits  more  or  less  light,  according  as  it  is 
more  or  less  contracted.  Under  a  strong  light  the  pupil 
diminishes ;  with  a  feehle  light  it  dilates.  Tne  rays  .  now 
meet  the  sur&C'e  of  the  lens  enclosed  in  its  capsule,  and  are 
thus  hrought  to  a  focus,  which  falls  on  the  retina,  the  rays 
having  in  the  mean  time  passed  through  the  vitrine  of 
the  eye. 

§  234.  It  has  been  proved  by  many  simple  experiments 
that  the  image  is  represented  on  the  retina,  and  that  it  is 
reversed ;  the  following  figure  (Fig.  68)  explains  how  this 
happens.  The  rays  of  light  proceeding  from  the  point  a,  fall 
on  the  retina  at  h ;  those  from  c  impinge  the  retina  at  d ; 
thus  the  object  is  precisely  reversed  as  painted  on  the  retina. 


Fig.  68. 

§  235.  The  pigment  covering  the  posterior  surface  of  the 
iris,  and  all  the  inner  sur&ce  of  the  choroid,  is  necessary  for 
perfect  vision,  as  may  be  seen  by  examining  the  eyes  of 
albinos :  it  is  only  at  night  that  their  vision  becomes 
distinct. 

§  236.  The.  globe  of  the  eye  is  the  most  perfect  of  all 
optical  instruments ;  for  whilst  it  is  in  general  achromatic, 
it  presents  no  aberration  of  sphericity,*  and  its  range  is  con- 
siderable. It  possesses  the  power  of  adaptation  to  various 
distances  in  its  normal  condition,  although  it  has  not  been 
satisfactorily  explained  on  what  structure  this  depends. 
Within  a  short  range  it  is  obviously  connected  with  the 
presence  of  two  eyes. 

In  some  the  eyes  have  not  this  power.     Presbyopia  de- 

*  By  achromatism  is  meant  the  power  of  causing  the  light  to  deviate  firom 
its  coarse,  without  developing,  or  decomposing  its  rays  into  their  primitive 
colours. 

The  aberration  of  the  sphericity  consists  in  the  reunion  of  the  rays  of  light 
which  fall  on  different  parts  of  a  lens  with  foci  distinctly  different,  whence 
results  a  want  of  clearness,  in  the  images.  To  prevent  this  aberration  of 
sphericity,  as  it  is  called,  opticians  place  before  the  lens  a  sort  of  diaphragm, 
pierced  with  an  opening.  The  iris  in  the  eyes  of  animals  is  snpposea  to  per- 
form this  function  of  correction. 
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pends  apparently  on  a  deficiency  of  convergence  of  the  rays  of 
light  whilst  passing  through  the  humours  of  the  eye ;  hence, 
persons  so  affected  do  not  see,  distinctly,  objects  near  at  hand. 
An  opposite  defect  is  myopia,  by  which  distant  objects  are 
rendered  indistinct,  or  not  visible.  The  habitual  use  of  a 
strong  lens  has  been  thought  equal  to  the  production  of  this 
disease.  The  myops  has  the  sight  improved  with  age,  and 
he  may  in  time  fall  into  the  opposite  condition,  namely, 
become  presbyotic.  By  glasses,  man  endeavours  to  remedy 
both  defects. 

§  237.  Insensibility  to  the  rays  of  light  is  called  autia 
Serena,  All  parts  of  the  retina  are  equally  suscoptiole  of 
impressions,  but  it  is  the  centre  or  in  the  axis  of  vision  that 
this  sensibility  is  most  acute.*  The  various  points  of  the 
retina  mav  be  exhausted  of  their  sensibility  by  too  strong  a 
light  or  by  gazing  intensely  for  a  long  time  at  one  object. 
The  impression  also  which  every  object  makes  on  the  retina, 
continues  for  a  certain  time  alter  the  object  has  been  re- 
moved ;  thus  it  is,  that  a  body  moving  in  a  circle  with  great 
rapidity  resembles  a  ring  or  hoop,  and  that  a  wheel  turning 
with  great  rapidity  resembles  a  disc. 

§  238.  The  section  of  the  optic  nerve  produces  immediate 
blinaness.  But  injuries  of  the  thalarai  nervorum  opticorum, 
or  of  the  corpora  qaadrigemina,  also  effect  the  same ;  and  thus 
it  is  evident  that  these  bodies  have  the  most  intimate  relation 
with  the  optic  nerves  and  the  function  of  vision. 

When  tne  cerebral  hemisphere  of  one  side  has  been  de- 
stroyed in  a  living  animal,  it  is  the  opposite  eye  which  loses 
its 'power;  and  this  is  partly  explained  by  the  anatomical 
fact  of  the  decussation  of  the  optic  nerves ;  by  this  decussa- 
tion, the  right  retina  derives  most  of  its  fibres  from  the  left 
side  of  the  brain,  and  vice  versd  (Fig.  77). 

§  239.  Motor  Organs  of  the  Eyeball, — The  apparatus 
of  vision  is  composed  of  the  eyeball  and  its  appendages ;  of 
these,  let  us  first  examine  the  muscles. 

§  240.  The  muscles  enabling  us  to  direct  the  eyeballs,  and 
consequently  the  axis  of  vision,  upon  any  point,  are  six  in 
number.  They  are  attached  posteriorly  (with  one  exception) 
to  the  osseous  orbit,  around  or  near  to  the  entrance  of  the 
optic  nerve,  and  by  their  other  extremities  to  the  sclerotic  or 

*  It  is  a  remarkable  fact  that  at  the  point  where  vision  is  most  distinct, 
the  pulpy  retina  is  wanting  in  man  and  in  the  apes  of  the  Old  World.  The 
appearance  is  called  the  foramen  oentrale  retin». — B.  K. 
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fibrous  tunic   of  the  eyebBll  (Fig.  67).     The  globe  of  the 

eye  rectu  on  a  cushion  of  a  fatty  cellular  Buhstance,  und  thun 

these  musclea  can  readily 

move  it  in  all  directions.  ' 

The   nerrea,   besides  the 

optJc,are  the  third,  fourth,      j  < 

a  branch  of  the  fitlh,  and      ^ 

the  sixth  pairB. 

§   241.      Protecting      " 
parti  of  the  ^ye— These 
are,  1,  the  osseous  orhits,      , 

§  242.     %_  The  eye-      * 
brows,  the  eyelids,  and  the 
tears.    The  eyebrows  re- 
quire no  descnption ;  their  ^  a 
form  is  sometimes  charac-                            ^-  **■* 
teristic  of  different  races  of  men. 

§  243.  The  eyelids  are  two  in  number,  and  are  hori- 
zontal. A  third,  when  present,  is  vertical ;  the;  are  called 
upper  and"  lower,  and  differ  in  their  anatomical  structure. 
Externally  tliey  are  formed  of  a  delicate  integument, 
ported  each  by  a  fibro- cartilage  (cartilago  tarsi);  internally 
they  are  lined  by  the  membrane  called  conjunctiTB,  which, 
besides  forming  a  layer  of  tlie  eyelidn,  invests  the  front  of 
the  eyeball.  On  the  edges  of  the  eyelids  are  observed 
cilia  or  eyelashes,  and  u  little  behind  these  the  Mribomian 
glands  are  seen;  these  secrete  a  peculiar  matter,  preventiia 
ttie  adhesion  of  the  ejelida  during  sWp,  Further,  in  each 
eyelid  the  orbicularis  muscle  or  sphincter  gives  a  layer,  and 
in  the  upper  eyelid  we  find  the  termination  of  the  muscle 
called  levator  pfllpehra;  superiotia,  which  raises  the  eyelid 
from  off  the  surface  of  the  eye. 

The  uses  of  the  eyelids  are  obvionn.  The  snb-mucous  cha- 
racter of  the  conjunctiva  assists  in  enabling  the  eyelids  and 
eyeball  to  play  freely  on  each  other;  but  this  is  not  sufGcicnt 
and  accordingly,  to  secure  to  the  surface  of  the  eye  the  requi- 
site degree  of  moisture,  the  tears  have  been  provided, 

§  244,  The  lachiymal  apparatus  is  composed  of  a  glan- 
dular body,  placed  within  the  orbit,  but  eiienor  to  the  eyeball. 
•  Tertictl  HctioD  or  t]ie  orbit.— a,  the  cornn;  I,  ttie  Kirrotic;  c,  Clif 

>Uque  or  trochJeAtori 


IK 
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From  this  so  called  lachrymal  gland,  a  few  ducts  proceed 
and  penetrate  through  the  conjunctiva  towards  the  outer 
angle  of  the  eye;  hy  these  the  tears  are  conveyed  to  the 
surface  of  the  eyehall.  Here  they  are  spread  over  the  surface 
hy  the  movements  of  the  eyehall  and  eyelids,  until  they 
collect  towards  the  inner  angle  of  the  eye,  where  will  be 
found  the  openings  of  two  small  ducts  (puncta  lachrymalia) 
ready  to  convey  away  the  superfluous  tears.  The  fluid 
entering  these  two  short  ducts  is  conveyed  hy  them  into  the 
lachrymal  sac,  which  again  communicates  with  the  inferior 
meatus  of  either  nostril  hy  the  nasal  duct.  When  this  is 
obstructed,  the  tears  flow  over  the  lower  eyelid,  constituting 
the  disease  called  flstula  lachrymalis. 

Towards  the  inner  angle  of  the  eye  is  a  small  body,  called 
the  caruncula  lachrymalis;  also  a  fold  of  the  conjunctiva, 
which  is  very  small  in  man,  being  merely  the  vestige  of  a 
structure  which,  in  some  other  animals,  as  in  birds,  is  carried 
to  its  highest  development. 

•  §  24^.  The  structure  of  this  apparatus  is  pretty  nearly 
the  same  in  all  mammals,  birds,  reptiles,  and  flsh6s.  The  eye 
in  certain  moUusca  also  resembles  the  eye  of  animals  much 
higher  in  the  range ;  but  in  most  of  this  class  the  structure 
is  very  different,  and  as  we  descend  to  insects,  Crustacea, 
arachnides,  &c.,  the  difference  in  structure  becomes  more  and 
more  striking.  These  peculiarities  will  be  adverted  to  here- 
after. 

OF     THE     MOVEMENTS. 

Muscular  Contraction. 

§  246.  By  sensation,  man  and  animals  perceive  the  ex- 
ternal world ;  by  motion,  they  react  upon  it.  This  latter  series 
of  fimctions  is  dependent  on  the  property  of  contractility. 

In  some  very  simply  organized  animals,  every  part  of  the 
body  seems  susceptible  of  contracting  and  elongating  itself, 
as  in  the  hydra  (Fig.  3) ;  but  as  we  ascend  in  the  scale  of 
animals  we  find  that  the  property  belongs  exclusively  to  the 
muscular  fibre.  Collected  in  masses  these  form  the  muscles, 
which  again  constitute  the  fi.esh  of  animals.  Their  colour, 
which  varies  from  a  deep  red  to  whitish,  depends  on  the  pre- 
sence of  the  blood,  and  is  not  inherent  in  their  structure. 

§  247.  Structure  of  the  Muscles. — The  muscles  are  coin- 
posed  of  fasciculi,  or  bundles  of  fibres  united  by  cellular  tissue. 
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and  these  again  of  bundles  of  fibres  more  and  more  delicate, 
until  an  elementary  fibre,  or  what  may  be  considered  so,  is 
reached,  and  this  can  only  be  seen  by  means  of  the  most 
powerful  microscope.  It  seems  as  if  it  were  composed  of  a 
series  of  discs.  After  death  the  muscular  fibre  is  soft,  and 
easily  torn ;  during  life  it  is  firm  and  elastic.  It  is  composed 
essentially  oifihriny  to  which  is  united  albumen,  osmazome, 
and  some  salts. 

§  248.  By  means  of  certain  stimulanta,  such  as  the  toill, 
muscles  contract ;  that  is,  they  swell,  shorten  themselves,  and 
become  extremely  hard ;  the  phenomena  may  readily  be  ob- 
served by  bending  the  fore-arm  upon  the  arm. 

The  mechanism  by  which  this  is  effected  has  not  yet  been 
discovered.  One  thing  alone  is  certain,  that  the  two  extre- 
mities of  the  fibre  or  muscle  approach  each  other,  and  thus, 
of  necessity,  act  on  whatever  they  may  be  attached  to  that  is 
moveable,  displacing  one  or  both,  and  of  course  the  body 
itself.  Hence  these  organs  have  been  called  the  active  organs 
of  motion,  in  contradistinction  to  the  bones,  which  are 
passive, 

§  249.  The  muscles  are  attached  to  the  bones  .by  fibres  of 
great  strength,  insensible,  and  of  a  dead- white  colour ;  they 
are  called  tendinous  or  tendons ;  when  membraniform  in  their 
arrangement  they  are  called  aponeuroses. 

§  250.  Influence  of  the  ifervous  System  on  Muscula/r 
Contraction. — ^The  muscles  are  the  only  parts  of  animals 
which  possess  the  faculty  of  contracting ;  but  this  property  is 
displayed  only  through  the  influence  of  the  nervous  system. 

§  261.  Influence  of  the  Nerves, — ^Each  muscular  fasci- 
culus receives  several  nervous  filaments.  These  proceed  pa- 
rallel with  the  fibres  enclosed  in  a  neurilemma;  they  luso 
pass  transversely  across  the  muscular  fibres  and  form  loops, 
but  how  they  t-erminate  is  not  known.  They  seem  to  form  a 
continuous  circle. 

By  cutting  the  nerve  across  which  supplies  a  muscle  in  a 
living  animal,  the  muscle  becomes  paralysed.  By  compressing 
the  brain  of  a  living  animal,  all  power  of  motion  is  lost. 

§  262.  The  nature  of  this  influence  of  the  nerves  over  the 
muscles  has  been  much  investigated;  and  the  inquiry  led 
Galvani  and  Volta  to  some  brilliant  discoveries.  They  proved 
that  electric  currents,  however  produced,  act  on  muscles  in  a 
similar  way  to  the  will,  producing  contractions  in  them  even 
after  death ;  and  so  closely  did  the  phenomena  resemble  each 
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other,  that  it  was  at  first  thought  that  electricity,  produced  in 
the  brain,  and  flowing  thence  into  the  muscles,  was  the  effi- 
cient  cause  of  muscular  contraction;  a  hypothesis  incompatible 
with  certain  facts  recently  observed.  The  nervous  system  is, 
no  doubt,  the  determining  cause  of  muscular  contraction. 

§  253.  Muscles  present  very  important  differences  amongst 
themselves:  some  obey  the  will;  others,  in  addition  to  this^ 
also  act  independently  of  it;  whilst  there  are  others  over 
whose  acts  the  will  has  no  power.  The  muscles  of  the  limbs 
may  be  cited  as  instances  of  the  first  class;  those  of  respiration 
belong  to  the  second ;  the  heart  and  stomach  to  the  third. 

The  muscles  of  voluntary  motion,  as  they  are  called,  differ 
generally  firom  the  involuntary,  in  being  marked  with  trans- 
verse striae;  but  the  fibres  of  the  heart  have  these  striae, 
although  it  is  in  no  respect  a  voluntary  muscle. 

§  254.  The  muscles  obeying  the  will  all  derive  their 
nerves  from  the  cerebro-spinal  axis. 

§  255.  Influence  of  the  Encephalon. — A  transverse  sec- 
tion of  the  spinal  marrow  in  a  living  animal,  paralyses  the 
action  of  all  the  muscles  supplied  by  nerves  which  leave  the 
spinal  marrow  below  the  section;  those  above  the  section 
remain  uninfluenced.  The  destruction  of  the  brain  paralyses 
all  the  muscles.  Injury  done  to  the  corpus  striatum  renders 
the  muscular  movements  confused  and  uncertain ;  the  power 
of  retiring  is  lost,  the  movements  being  always  in  advance : 
an  injury  done  to  the  cerebellum  (in  birds)  seems,  on  the 
contrary,  to  disable  the  animal  from  advancing ;  its  move- 
ments are  constantly  backwards. 

By  dividing  vertically  in  a  living  animal  one  hemisphere 
of  the  cerebellum,  or  one  side  of  the  pons,  the  animal  moves 
incessantly  round  and  round  towards  the  injured  side.  The 
vital  point  of  the  encephalon  seems  to  be  close  to  the  origin 
of  the  pneumogastric  nerves.  The  cerebellum  and  the  ad- 
joining parts  of  the  brain  seem  to  regulate  the  movements  of 
locomotion. 

The  movements  which,  though  obeying  the  will,  yet  take 

Elace  independently  of  its  influence,  seem  to  be  derived,  then, 
•om  the  influence  of  the  spinal  marrow.  The  respiratory 
movements,  for  example,  go  on  after  the  brain  has  lost  its  in- 
fluence over  the  respiratory  muscles. 

§  256.  Influence  of  the  Ganglionary  System, — ^The  mus- 
cular fibres,  which  are  completely  independent  of  the  will, 
receive  their  nervous  influence  from  this  system. 
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§  267.  Thus  it  would  seem  that,  whilst  volition  proceeds 
from  the  brain,  the  r^ulation  of  the  movements  proceeds  from 
the  cerebellum  ;  whilst,  in  respect  of  those  muscular  actions 
which  are  independent  of  the  brain,  the  principle  of  action 
seems  to  reside  in  the  spinal  marrow  and  gauglionary  system. 

§  268.  Duration  and  Force  of  the  Muscular  Con- 
tractions,— The  contraction  of  the  muscular  fibres  is  a  phe- 
nomenon essentially  intermittent;  they  relax  and  contract 
alternately.  Even  the  heart  does  this;  but  the  voluntary 
muscles  require  a  much  longer  interval  of  repose ;  a  lassitude 
comes  on  at  last,  rendering  all  ftirther  action  impossible. 

Muscular  fatigue  varies  much  in  diiferent  individuals ;  so 
also  does  the  strength  of  contraction  displayed.  In  passion 
and  in  a  maniacal  state  it  is  prodi^ous.  The  development 
of  the  muscular  system  is  best  seen  m  the  athlete. 

Of  the  Apparatus  of  Motion  in  General. 

§  269.  The  frinction  we  have  now  to  consider  is  chiefly 
mechanical;  it  respects  the  various  movements  of  animal 
bodies. 

In  the  lowest  animals  the  muscles  are  all  connected  with, 
and  dependencies  of,  the  integpiment,  which  is  soft  and 
flexible,  and  by  acting  on  this,  they  move  the  body  in  whole 
or  in  part ;  but  in  animals  of  a  more  pei'fect  structure,  the 
motor  apparatus  becomes  more  and  more  complex,  and  is 
formed  not  only  of  muscles,  but  of  a  skeleton,  itself  com- 
posed  of  solid  parts  calculated  to  augment  the  precision,  the 
extent,  and  the  force  of  the  movements,  to  protect  the  viscera 
against  external  violence,  and  to  determine  the  general  form 
of  the  body. 

^  §  260.  This  framework  or  skeleton,  to  which  the  muscles 
are  chiefly  attached,  is  in  man,  and  all  animals  called  verte- 
brate, situated  internally,  and  is  covered  by  the  soft  parts. 

In  some  fishes  (as  in  the  skate)  the  skeleton  is  formed  of  a 
white,  opaline,  compact,  homogeneous  substance,  at  once  very 
resisting  and  elastic.  It  is  called  cartilage.  In  all  animals, 
when  very  youngs  the  skeleton  is  at  first  cartilaginous ;  but 
this  conditijQi9k,'t^qh  is  permanent  in  certain  fishes,  is  only 
transitory  in  the<  g^l^^i^  number  of  animals,  and  the  car- 
tilaginous pieces  soon  become  charged  with  calcareous  salts, 
by  which  they  become  firm,  hard,  comparatively  brittle ;  in 
this  state  they  are  called  bones. 
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§  261.  Of  the  Bones, — ^To  prove  the  presence  of  cartilage 
as  tne  basis  of  all  bones,  all  th^t  is  required  is  to  immerse  a 
bone  in  dilute  muriatic  acid,  which,  dissolving  the  calcareous 
part,  leaves  a  cartilage  of  the  precise  form  and  dimensions  of 
the  bone  itself.  According  to  Berzelius,  the  bones  of  the 
human  skeleton  are  composed  of  cartilage,  32*17 ;  vessels,  11*3 ; 
phosphate  of  lime,  with  a  little  of  me  fluorate  of  calcium, 
53*04;  carbonate  of  lime,  11*30;  phosphate  of  magnesia, 
1*16 ;  soda,  with  a  little  of  the  chlorine  of  sodium,  1*20 — in 
100*00  parts.  The  same  chemist  found  the  bones  of  the  ox 
to  be  similarly  composed,  but  with  much  less  carbonate  of 
lime.    Thus  bones  by  boiling  afford  much  gelatine. 

The  ossification  of  the  skeleton  commences  with  various 
osseous  points  in  the  cartilages ;  these  are  called  nuclei  or 
germs.  In  youth  they  are  numerous,  but  they  gradually 
coalesce ;  thus  the  femur,  in  a  young  person,  composed  of 
five  distinct  portions,  is  at  last  formed  of  one.  In  the  lower 
vertebrate  animals  many  of  those  remain  distinct,  which  in 
the  higher  coalesce  or  become  fused. 

The  surface  of  bone  is  covered  with  a  cellulo-fibrous  and 
.  vascular  membrane,  called  periosteum.     The  bones  themselves 
are  composed  of  a  compact  tissue  externally,  and  a  cellular 
and  reticulated  or  cancellous  internally. 

In  the  interior  of  the  long  bones  are  found  cavities  con- 
taining marrow.  The  tissue  itself,  when  examined  under  the 
microscope,  seems  composed  of  tubes  or  cellules,  surrounded 
with  concentric  lamellae,  between  which  may  be  seen  opaque 
ovoid  corpuscles. 

§  262.  The  bones  vary  much  in  form,  and  anatomists 
have  divided  them  into  long,  short,  and  broad.  Their  sur- 
faces present  elevations  (processes)  and  depressions,  some  of 
which  are  for  the  attachment  of  muscles.  • 

§  263.  Articulation  of  the  Bones. — By  articulation  is 
meant  the  union  of  two  or  more  bones ;  they  are  divided  into 
the  immovable  or  fixed,  and  the  moveable.  The  fixed  may  be 
effected  by  juxtaposition,  suture,  and  implantation;  of  the 
first,  certain  bones  of  the  face  offer  an  example ;  the  bones  of 
the  cranium  unite  chiefly  by  suture,  and  the  teeth  are  fixed 
into  the  alveoli  by  implantation  ;  this  mode  of  articulation  is 
also  called  gomphosis. 

§  264.  In  the  moveable  articulations,  the  bones  are  held 
in  their  place  by  ligaments  maintaining  them  in  juxtaposition. 
This  bond  of  union  is  sometimes  a  fibro-cartilage,  which  . 
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permits  the  bones  to  move  simply  by  reason  of  its  elasticity ; 
in  other  joints,  the  bones  slide  over  each  other,  and  are  held 
in  their  place  by  ligaments  attached  to  both  bones,  and  per- 
mitting  of  motion  only  in  certain  directions ;  this  mode  of 
articulation  is  called  articulation  hy  contiguity,  and  it 
always  exists  where  extensive  motions  take  place.  To  meet 
the  friction  caused  by  this,  the  extremities  of  the  bones  are 
further  provided  with  a  cartilage  of  incrustation,  and  a  syno- 
vial membrane  representing  a  serous  membrane  in  minia- 
ture, and  is  constantly  bedewed  with  an  unctuous  fluid,  called 
synovia,  serving  the  purpose  of  a  joint-oil.  By  means  of 
this  membrane  the  air  is  enectually  excluded  from  the  joints, 
so  that  the  relative  position  of  the  bones  to  each  other  is 
further  secured  by  the  pressure  of  the  external  air  on  the  ex- 
terior of  the  limb. 

§  265.  Action  of  the  Muscles  on  the  Bones. — All  the 
muscles  destined  to  perform  extensive  movements  are  attached 
to  the  bones  by  their  two  extremities,  so  that  by  contracting 
they  displace  we  more  moveable  bone  in  the  direction  of  that 
which  is  less  moveable  or  fixed.     Thus,  generally  speaking, 
the  muscles  intended  to  move  the  fingers  proceed  from  the 
fore-arms ;  those  moving  the  fore-arms  are  attached  to  the 
arms  or  shoulders ;  and  those  acting  on  the  arms  have  their 
fixed  points  in  the  trunk.     But  they  may  of  course  move  the 
parts  to  which  they  are  attached  by  either  extremity,  or  both. 
To  a  certain  extent  also,  the  direction  of  the  movement  deter- 
mines the  position  of  the  muscles.    Thus,  the  flexors  of  the 
fingers  are  situated  on  the  front  of  the  arm ;  the  extensors  on 
the  back  of  the  limb.    When  different  muscles  act  in  pro- 
ducing the   same  movement  they  are  called  congenerous ; 
antagonistic  if  they  produce  opposite  movements.     Finally, 
they  are  named,   firom   their   uses,   flexors,  extensors,   ab- 
ductors, &c. 

§  266.  The  strength  of  a  muscle  depends  no  doubt, 
cateris  paribus,  on  its  size ;  but  the  effect  depends  also,  in  a 
great  measure,  on  its  mode  of  attachment  to  the  bone. 

Thus,  all  things  being  equal,  the  movement  of  a  muscle 
will  be  HO  much  the  more  extensive  the  less  obliquely  it  is 
attached  to  a  bone. 

In  fact,  if  the  muscle,  m  (Fig.  70),  whose  force  we  shaU 
consider  as  equal  to  10,  be  fixed  perpendicularly  to  the 
bone  I,  whose  extremity  a  is  moveable  on  the  point  of  sup- 
port r,  it  will  have  to  overcome  only  the  weight  of  the  bone. 


126 


ZOOLOGY. 


d 


I 


Fig.  70. 


and  will  carry  it  from  the  position  ahm  the  direction  of  the 
line  a  c,  thus  making  it  traverse,  to  the  point  to  which 
it  is  inserted,  a  space,  which  we  still  represent  hy  10.  But 
if  the  muscle  acts  obliquely  on  the  bone,  in  the  direction 

•  of  the  line  n  b,  it  will  then 
have  a  tendency  to  carry  it 
in  the  direction  of  b  n,  and 
consequently  to  cause  it  to 
approach  the  articular  sur- 
face r,  on  which  it  rests  as 
a  point  of  support.  But 
this  being  an  inflexible  body, 
this  displacement  cannot 
take  place;  the  bone  can 
only  tui'n  on  the  point  r  as 
on  a  pivot,  and  the  contrac- 
tion of  the  muscle  n,  without  losing  any  of  the  energy 
assigned  to  it,  can  only  carry  the  bone  in  the  direction  of 
a  d.  Three-fourths  of  its  strength  will  be  lost,  and  it  will 
only  be  equal  to  effect  a  displacement  for  which  one-fourth  of 
the  strength  expended  would  have  sufl&ced  had  its  attachment 
been  perpendicular  to  the  bone  as  the  muscle  m. 

Now  in  animal  bodies,  muscles  are  generally  inserted  very 
obliquely,  and   thus  very  unfavourably  in   respect  of  their 

intensity  of  contraction.  The 
enlargement  of  the  extremities 
of  the  bones,  as  compared  with 
the  shafts,  serves  to  counter- 
balance this  obliquity  in  a  cer- 
tain degree,  giving  to  the  joints 
at  the  same  time  more  security. 
The  tendons  (»)  of  the  muscles  {m) 
situated  above  the  articulations, 
are  inserted  generally  imme- 
diately beneath  the  enlarged  extremity  of  the  bone,  and  thus 
reach  the  moveable  bone  (o)  in  a  direction  more  approaching 
the  perpendicular,  as  may  readily  be  understood  by  comparing 
figure  72  with  71. 

§  267.  The  distance  which  separates  the  point  of  attach- 
ment of  the  muscle  from  the  point  of  support  on  which  the 
bone  moves,  and  of  the  opposite  extremity  of  the  lever  which 
this  organ  represents,  influences  also  in  the  most  powerful 
manner  the  effects  produced  by  its  contraction. 
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Fig.  71. 


Fig.  72. 
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The  bones  represent  levers,  which  move  on  a  fixed  point, 
called  ihepoirU  of  support  The  force  which  puts  the  lever 
in  action  is  the  potoer,  and  that  which  opposes  its  displace- 
ment is  the  resistance.  Finally,  the  name  of  arm  of  the 
lever  of  the  power,  and  arm  of  the  lever  of  the  resistance, 
is  given  to  the  distance  separating  the  point  of  support 
from  that  to  which  is  a])plied  one  or  other  of  these  forces. 

Now  the  len^h  of  these  arms  of  the  lever  has  a  powerful 
influence  over  the  force  required  to  produce  an  equilibrium 
to  a  given  resistance.  Observe  the  mechanism  of  the  balance 
called  steel-yard  (Fig.  73).  The  beam  is  divided  into  two 
unequal  parts  by  the  point  of  sup- 
port a.  At  the  extremity  of  one 
of  the  branches  (r),  which  is  very 
short,  is  placed  the  resistance,  that 
is,  the  obiect  to  be  weighed ;  and 
on  the  other  (p)  slides  anv  weight 
which  produces  the  equilibrium  to        -  pi    73 

a  weight  or  resistance,  always  the 
more  considerable  that  it  is  Airther  removed  from  the  point  of 
support,  and  that  we  elongate,  in  consequence,  the  arm  of  the 
lever  of  the  power,  the  lever  of  resistance  remaining  always 
the  same. 

On  the  same  principle  it  is  that  we  can  raise  a  so  much 
^eater  weight  with  the  arm  flexed  instead  of  extended.  It 
18  a  question  (see  the  figure)  of  shortening  or  lengthening  the 
respective  arms  of  the  lever  to  or  from  the  point  of  support. 
By  mechanics  we  learn  that,  in  order  to  establish  a  perfect 
equilibrium  (or  to  weigh  the  body  as  in  the  figure)  m  any 
lever,  it  is  necessary  that  the  resistance  and  the  power  (the 
weight  and  the  weighed  body)  be  reciprocally  proportional  to 
the  len^h  of  the  arms  of  the  lever;  that  is  to  say,  that 
multiphed  by  these  arms  of  the  lever  respectively,  they  both 
give  the  same  product. 

Thus,  to  produce  an  equilibrium  to  a  resistance  (r)  equal 
to  10,  applied  to  the  extremity  of  a  lever  (a  h)  of  a  length 
equal  to  20,  it  is  necessary  that  the  power  (^),if  it  be  applied 
to  the  same  point  (5),  and  consequently  equflJly  distant  from 
the  point  of  support  a,  be  also  equal  to  10 ;  but  if  it  were 
applied  to  the  point  c,  to  produce  the  same  effect  it  must  be 
equal  to  20 ;  for  the  resistance  equal  to  10  being  multiplied 
by  the  length  of  its  arm  of  the  lever  20,  wiD  give  as  a  product 
200 ;  and  on  the  other  hand,  the  arm  of  the  lever  of  the 
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power  (c  d)  being  only  equal  to  10,  this  must  be  multiplied 
by  a  force  equal  to  20  to  give  the  same  product,  200.  Finally, 
by  placing  the  former  still  nearer  to  the  point  of  support  at  d, 
a  force  must  be  given,  but  equal  to  100,  for  its  arm  of 
the  lever  will  no  longer  be  more  than  2,  and  2  X  100  =  200. 
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Fig.  74. 
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The  disposition  of  the  levers  has  as  much  influence  over 
the  rapidity  of  the  movements  produced,  as  over  their  force ; 
and  if  by  employing  a  power  comparatively  feeble  we  may 
thus  overcome  a  much  stronger  resistance,  we  may  also,  by 
employing  a  moving  force  having  a  certain  quickness,  obtain, 
by  means  of  these  instruments,  a  movement  slower  or  more 
rapid. 

Thus  let  us  suppose 
that  the  power  (p)  acts 
on  the  lever  (a  r)  so  as 
to  cause  it  to  pass  to  the 
point  of  insertion  c,  a 
space  of  5  in  a  second,  it 
will  displace  at  the  same 
time  the  extremity  (r)  of 
the  lever,  and  will  cause 
it  to  arrive  at  b  with  a 
quickness  equal  to  25, 
for  the  distance  passed 
through  in  equal  times  by  this  point  will  be  five  times 
greater  than  that  passed  through  by  the  point  d.  With 
a  force  equal  in  rapidity  to  5  we  produce,  by  applying  it  to  the 
point  c,  the  same  result  as  if  we  applied  to  the  point  r  a  force 
having  a  quickness  equal  to  25.  But  all  that  is  gained  in 
rapidity  is  lost  in  power  or  force ;  for  it  is  chiefly  by  extend- 
ing the  arm  of  the  lever  of  resistance  to  a  length  dispro- 
portionate to  that  of  the  force,  that  we  obtain  these  results. 

Now,  in  the  animal  economy  almost  all  the  levers  are  so 
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disposed  as  to  favour  rapidity  of  motion  at  the  expense  of 
force.  Thus,  in  lowering  the  extended  arm,  if  the  rapidity 
with  which  the  muscles  contract  be  such  that  their  point  of 
insertion  be  displaced  three  inches  in  a  second,  the  extremity  of 
the  limb  will  pass  from  its  original  position  with  a  rapidity 
of  nearly  three  feet  per  second. 

Description  of  the  Motory  Apparatus  in  Man. 

§  268.  The  motory  apparatus  —  as  we  have  already 
mentioned — is  composed  in  man  and  all  vertebrata  of  the 
skeleton,  the  muscles,  and  the  articular  apparatus. 

The  skeleton  is  divided  into  the  head,  trunk,  and  extremities. 

§  269.    The   Head.—ThQ 
skeleton  of  the  head  is  composed      * 
of  two   portions  —  the  cranium 
and  face.     The  cranium,   lodg- 
ing the  brain,  cerebellum,  and      ** 
pons,  with  their  membranes,  the     **" 
vessels  proceeding  to  and  from       ^ ' 
them ,  and  the  roots  of  the  cranial     »«» 
nerves,   is    composed  of  eight 
bones :    the  frontal  or   coronal  *     '"*  -^  ^    '^   ^" 

(Fig.  76/);  the  two  parietal,^;  Fig.  76.* 

the  two  temporal,  t;  the  occi- 
pital, Oj  behind;  and  the  sphenoid,  s;  and  the  ethmoid 
below.  These  bones  are  generally  broad  and  flat,  of  a  com- 
pact tissue  externally  and  internally,  and  are  immovably  united 
by  sutures  dovetailed  into  each  other.  This  adds  greatly  to 
the  strength  of  the  cranium  and  of  the  arch  it  forms :  the 
interlocking  of  the  sphenoid  also  with  all  the  other  bones 
of  the  cranium  contributes  greatly  to  its  general  strength. 

At  the  base  of  the  skull  will  be  seen  a  great  number  of 
apertures  for  the  egress  of  the  cranial  nerves,  and  of  the 
bloodvessels  entering  or  leaving  the  cranium.  In  the  occipital 
bone,  close  to  its  condyles,  is  Wiq  foramen  magnunif  by  which 
the  medulla  spinalis  passes  towards  the  brain ;  the  vertebral 
arteries,  also  intended  to  supply  the  brain,  enter  by  this  large 
aperture.  The  cranium  is  articulated  by  means  of  these  two 
condyles  of  the  occipital  bone  with  the  atlas  or  first  cervical 

*  /*,  frontal  or  coronal ;  p,  parietal ;  t,  temporal ;  o,  occipital ;  »,  the  sphe- 
noid; «,  the  nasal;  wi»,  superior  maxillary ;  j',  jugal  or  cheek  bone;  mt, 
inferior  maxillary  or  lower  jaw  bone ;  wa,  anterior  opening  of  the  nostrils ; 
tay  auditory  canal  or  foramen ;  az,  zygomatic  arch ;  ab,  cdy  liues  forming  the 
facial  angle. 
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vertebra,  on  which  it  rests  nearly,  but  not  quite,  in  equipoise, 
so  that  during  sleep  the  head  naturally  falls  towards  the 
chest.  The  powerful  muscles  moving  the  head  are  chiefly 
placed  on  the  back  of  the  neck. 

At  the  sides  of  the  cranium  may  be  seen  the  mastoid  pro- 
cesses (Fig.  78  a),  to  which  are  attached  the  stemo-cleido- 
mastoid  muscles,  seen  so  conspicuously  on  the  front  and  sides 
of  the  neck ;  by  means  of  these  the  head  is  turned  from  side 
to  side.  Anterior  to  these  may  be  seen  the  orifice  leading  to 
the  middle  ear,  and  to  which  the  external  ear  is  attached 
(§  222,  Fig.  61  ey 

§  270.  The  following  bones  compose  the  skeleton  of  the 
face :  the  superior  maxillary,  2 ;  palatine,  2 ;  malar,  2 ;  lower 
turbinated,  2 ;  lachrvmal,  2 ;  vomer,  1 ;  inferior  maxillary,  1. 
To  these  some  add  tne  intermaxillaiy,  of  which  the  vestiges 
remain  in  man,  2 ;  the  sphenoidal  turbinated,  2 ;  finally,  the 
ethmoid  and  sphenoid  contribute  also  tothe  formation  of  the  face. 

These  bones  assist  in  forming  certain  osseous  cavities  con- 
nected with  the  face,  as  the  orbits  (§  241),  the  nasal  fossse, 
and  the  mouth. 

The  skeleton  of  the  nose  is  completed  by  cartilages,  which 
being  removed,  in  the  skeleton  makes  the  anterior  opening  of 
the  nasal  fossae  appear  so  large.  These  cavities  are  very 
large  and  complex,  communicating  with  the  anterior  and 
posterior  ethmoid  cells ;  the  sphenoidal  and  superior  maxillary 
and  frontal  sinuses,  and  also  with  the  middle  ear.  They 
are  separated  from  each  other  by  an  osseous  and  cartilaginous 
partition  or  septum,  and  from  the  mouth  by  the  osseous 
palate.  It  is  in  the  cavities  of  the  nostpls  that  we  find  the 
so-called  turbinated  bones,  of  which  two  are  distinct  bones, 
the  other  fdJur  being  but  processes  of  the  ethmoidal.  The 
importance  of  these  bones,  as  regards  the  sense  of  smelly  has 
been  already  adverted  to. 

It  is  into  the  superior  maxillaiy  bone  (speaking  with  refe- 
rence to  man)  that  are  implanted,  all  the  teeth  of  the  upper 
jaw.*     In  youth  it  is,   like  most  other  bones,"" formed  of 
several  distinct  germs,  nuclei,  or  portions,  which  ultimately 
coalesce. 

These  intermaxillary  bones,  which  fuse  so  early  in  man, 

*  Anatomists  now  generally  admit  that  man  has  intermaxillary  bones  as 
well  as  other  mammals,  which  early  become  fused  with  the  maxillary,  so  that 
nearly  all  traces  of  their  early  existence  are  lost.  The  incisive  teeth  always 
appear  in  these  bones  in  the  upper  jaw,  and  whatever  be  their  shape,  so  lonir 
as  they  belong  to  these  bones,  are  called  incisive.— R.  K. 


remain  dUtinut  throughout  life  in  many  main mals  and  others, 
and  fornt  a  distinctive  feature  of  the  face.  They  are  also 
called  premaiillary  (i  m  Fig.  77). 


Fig.  77.— Hesd  of  the  HorM.- 

In  man  the  germs  of  the  lower  jawbone  becnnie  fused  Ht 
an  early  age;  in  many  mammals  it  is  formed  of  two  pieces, 
united  bj  cartilage  at  the  symphysis  of  the  chin.  A  brief 
inspection  of  the  lower  jawbone  shows  its  more  remark- 
able point)':  its  articular  surfucei  by  which  it  rests  on  the 
glenoid  cavity  of  the  temporal ;  the  coronoid  process  project- 
ing upwards  m  front  of  the  condyle,  and  to  which  is  attached 
the  powerful  temporal  muscle;  the  alveolar  edge  of  the  jaw, 
forming  its  dentiu"  portion ;  the  symphysis  or  union  of  the 
chin,  and  ttie  base  and  angle.  The  masticatinji;  muscles  ai'e 
very  powerful,  especially  in  the  carnivora;  and  in  some  ani- 
mals the  disposition  of  the  muscles  rendering  the  arm  of  the 
lever  of  resistance  equal  to,  or  even  shorter  than  that  of  the 
power,  adds  to  their  strength. 

The  hyoid  or  lingual  hones  (Fig,  23),  placed  in  front  of  the 
neck,  I'eprcsentatives  of  another  apparatus,  of  which  in  man, 
mammals,  birds,  and  most  reptiles,  we  ba»e  only  the  rudi- 
ments, and  which  only  att^n  their  full  development  in  fishes, 

•  or,   I.  /.  nccipilBl,  Mmporil,  ind  frontal  bonei ;    ■,  nsssl  bone ;    «, 

'  t  Princiinil  niuB^or  Ih'e  fuof  ■nd  li*f»d  :~o,orbiciiliirina»c1e»of  the  ftr- 
Ijda,  inleodcd  lo  close  the  ejelidi  sr^  protHt  tbe  v}»  (  66,  orbicidir  muBcle 

muKle,  intended  to  close  tbe  js«s'  by  nieing  tbe  lower  maiiflar}'  bone; 
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Fig.  79. 


give  attachment  to  the  muflcles  of  the  tongue  and  to  others. 
Theyare  not  conaidereda«partof  the  skeleton,  properly  so  called. 
gg^        ,  §  271.  The    Trunk,  or    Torso.— Hhe    most 

important  part  of  the  skeleton  of  the  trunk  is  the 
'^  vertebral  column,  composed  of  the  bones  called  ver- 
tebraj.     It  supports  the  head,  which  may  be  con- 
sidered as  a  continuation  of  it ;  but  anatomists  still 
speak  of  the  vertebral  column  as  a  part  distinct 
from  the  head.     In  this  view  it  is  composed  of 
Vrf  33  vertebrae,  namely,  7  cervical  (c) ;  12  dorsal  (d) ; 
I     5  lumbar  (I) ;  5  sacral  (s);  and  4  coccygeal  (ex).   It 
)     presents  several  curves  when  viewed  in  profile,  but 
is  straight  when  seen  from  before  backwards,  or 
from  behind  forwards.     At  first  all  the  vertebrae 
are   distinct,   but   with   years   certain   of    them 
become  fused  into  one  or   more:    the   5   sacral 
vertebrae  generally  unite  so  as  to  form  one  mass ; 
and  the   coccygeal    bones   are   also   disposed   to 
fuse  into  one  bone  in  the  adult. 

The  essential  character  of  a  vertebra  {wit/i  cer- 
tain exceptions,  however)  is  to  be  formed  or  com- 
posed of  a  body  and  processes,  and  to  have  a  foramen,  or  short 
canal,  behind  the  bodv,  in  w^^hich  the  spinal  marrow  and  its 
membranes  are  lodged.  But  the  coccygeal  vertebrae  in  man 
are  quite  rudimentary,  and  cannot  be  included  in 
this  definition.  At  the  sides  of  the  column  are 
openings  fpr  the  passage  of  the  nerves ;  the}'  are 
called  the .  foramina  intervertebral ip,  and  are 
generally  formed  by  the  union  of  two  vertebrae. 

The  body  of  a  vertebra  is  a  disc  (a),  with 
parallel  surfaces,  each  united  (with  certain  excep- 
tions) to  the  adjoining  vertebra  b}^  a  substance 
called  intervertebral ;  this  is  a  fibro-cartilage  of  great  strength, 
riexibilit}',  and  elasticity,  on  which  the  strength  and  mobility 
of  the  column  greatly  depends. 

Four  articular  processes  also  greatly  contribute  to  its  strength, 
and  limit  its  movements  in  certain  directions.  The  spinous 
process  b,  as  well  as  the  transverse  processes  c,  give  attach- 
ments to  numerous  muscles,  and  the  latter  support  the  ribs. 

The  mobility  of  the  column  varies  in  different  regions,  being 
most  extensive  in  the  neck  and  loins.  The  erector  muscles 
of  the  spine,  those  intended  merely  to  raise  the  body  upright, 
and  to  counterbalance  the  weigrht  of  all  the  viscera  situated  in 
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frout,  are  placed  on  the  doreal  aide  of  the  column,  lUHng  up 
the  ^TToovea  called  vertebral,  and  which  roaj  be  seen  extending 
on  either  side  the  Bpinous  processes,  from  the  head  qoite  to  the 
extremity  of  the  sacral  vertebrte.  Thej  seek  attiiohments 
also  in  the  ribs  and  transverse  processes  of  the  vertebne. 

The  spinous  processea  are  long  and  poweHiil  in  many 
quadrupeds  (Fig.  82).  The  muscles,  on  the  other  hand, 
situated  on  the  flexor  side  of  the  body,  ai'e  generally  small, 
as  being  but  little  required. 

The  first  cervical  vertebra  is  called  the  Atlas,  and  is  much 


more  moveable  than  the  others ;  it  resembles  a  ring,  and  turns 
on  a  pivot  furnished  it  by  the  second  vertebra  or  dentata  (axis). 
The  movement  of  the  head  forwards  and  backwards  takes 
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place  at  the  articulation  of  the  occipital  bone  and  atlas; 
rotation  of  the  head  is  performed  by  the  atlas  and  head 
moving  as  one  aroiiYid  the  processus  dentatus  of  the  axis  or 
second  vertebra.  There  exist  check  ligaments  to  prevent 
this  movement  going  too  far. 

§  272.  To  the  dorsal  vertebrse  are  articulated  the  ribs, 
24  in  man, — Le,,  12  on  each  side.  The  head  of  the  rib  rests 
on  the  vertebral  column,  and  the  tubercle  on  the  transverse 
process  generally ;  the  anterior  extremity  of  the  rib  is  united 
to  a  cartilage,  by  means  of  which  it  is  prolonged  to  the 
sternum,  directly  in  the  first  seven  ribs,  and  indirectly  in  the 
remaining  five.  Hence  the  division  of  the  ribs  into  true  and 
fiilse,  or  sternal  and  asternal  (Fig.  83). 

§  273.  Limbs, — The  skeleton  of  the  limbs  may  be  divided 
into  a  basilar  portion,  and  a  lever  or  extended  and  moveable 
part.  In  the  pectoral  extremity  the  bnsilar  portion  or 
shoulder  consists  of  two  bones,  the  scapula  and  the  collar- 
bone or  clavicle.  With  the  scapula,  a  large  and  flat  bone,  is 
articulated  the  humerus  or  arm  bone.  The  articular  cavity 
(glenoid)  has  but  little  depth.  On  the  inner  side  of  this 
glenoid  cavity  is  a  strong  process,  called  coracoid,  and  on  the 
dorsal  side  of  the  bone  a  strong  spine,  running  from  near  its 
base,  and  terminating  in  a  process  called  acromion ;  sur- 
mounting the  shoulder-joints  and  attached  to  this  process  is 
the  clavicle,  a  cylindrical  and  slender  bone,  comparatively ;  its 
other  extremity  is  articulated  with  the  manubrium  of  the 
sternum  (Figs.  81  and  83). 

The  more  obvious  use  of  the  clavicle  is  to  maintain  the 
shoulders  apart,  and  hence  the  frequency  of  its  fracture  when 
forced  towards  the  sternum.  These  clavicles  are  strong  in 
birds  of  powerful  flight,  and  weak  in  those  differently  circum- 
stanced :  contrast,  for  example,  the  eagle  and  the  turkey.  In 
animals  like  the  horse,  ox,  <fec.,  they  are  wholly  wanting ;  the 
scapula,  as  the  essential  bone  of  the  shoulder,  never. 

Numerous  powerful  muscles  fix  .the  shoulder-bones  to  the 
trunk ;  of  these  may  be  mentioned  the  trapezius,  rhomboids, 
and  levator  of  the  angle  of  the  scapula ;  a  muscle  of  great 
power,  even  in  man,  but  much  more  so  in  the  larger 
quadruped  mammals,  as  the  horse,  ox,  &c.,  connects  the 
scapula  with  the  ribs,  viz.,  the  serratus  magnus. 

§  274.  The  arm  is  divided  into  arm,  fore-arm,  and  hand. 
In  the  skeleton  of  the  arm  there  is  one  bone,  the  humerus ;  in 
that  of  the  fore-arm   two  bones,  the  radius  and  ulna;  the 
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skeleton  of  the  hand  is  subdivided  into  three  segments,  the 
carpus,  metai^rpas,  and  fingers ;  in  the  carpus  there  are 
eight  bones ;  in  the  metacarpus  five ;  and  in  each  finger  there 
are  three  bones,  with  the  exception  of  the  thumb,  m  which 
only  two  are  reckoned. 

The  humerus  has  a  bail-and-aocket  motion  upon  the 
scapula,  and  is  moved  by  several  powerful  moscles,  of  which 
some  proceed  from  the  scapula  (sub- scapular,  supra-spinal, 
infra-spinal,  teretes);  others  from  the  trunk,  as  the  pectoralis 
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mtyor,  latissinius   dorsi.     B;  its  lower  or  distal  extremity, 
it  articnlat«d  with  the  rsdiua  and  ulna. 

§  275.  The  radius  and  ulna  form  the  skeleton  of  the 
fore-arm.  Of  these,  the  radius  is  the  more  moveable,  and 
upon  its  rotation  on  the  estremity  of  tlie  humerus  depends 
the  movement  of  rotation  and  supination  of  the  hand.  There 
is  no  rotation  at  the  elbow-joint,  both  bones  moving  on  the 
•  Bee  eiplBBMion  (iflhis  figure  at  page  73. 
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humerus  merely  in  flexion  and  extension ;  but  it  is  close  to 
this  that  the  radius  rotates  on  the  ulna,  and  slides  over  the 
smaller  head  of  the  humerus,  which  movement  determines 
.  the  rotation  of  the  hand  in  supination  and  pronation.  The 
lower  end  of  the  ulna  is  styliform,  and  has  interposed  between 
it  and  the  carpal  bones,  a  fibro-cartilage  of  a  triangular  shape, 
which  attaching  the  radius  at  its  extremity  to  the  ulna, 
permits  the  former  to  rotate  around  the  lower  end  of  the 
the  latter,  which  remains. 

These  two  bones  at  their  carpal  extremities  also  move 
readily  in  flexion  and  extension. 

The  process  called  olecranon  belongs  to  the  ulna  or  cubit ; 
to  it  are  attached  the  extensor  muscles  of  the  fore-arm. 

§  276.  In  the  hand  we  have  the  carpus,  metacarpus,  and 
fingers,  or  digital  portion. 

The  carpus  is  composed  of  eight  bones,  four  in  each  row ; 
they  are  scarcely  moveable,  and  the  strength  of  the  arch  they 
form  is  considerable.  In  the  first  row  we  find  the  scaphoid, 
semilunar f  pyramidal,  and  pisiform e  ;  in  the  second  row,  the 
trapezium,  trapezoides,  magnum,  and  unciforme.  On' the 
flexor  side  of  the  hand  they  form  with  the  carpal  bones  the 
anterior  annular  ligament  of  the  carpus,  a  canal,  in  which 
are  lodged  and  protected  most  of  the  flexor  tendons,  and  one  of 
the  great  nerves  (median)  proceeding  to  the  palm  of  the  hand. 

The  metacarpus  is  composed  of  a  single  row  of  small  long 
bones,  corresponding  to  the  number  of  the  fingers,  all  dif- 
ferent and  readily  distinguishable  from  each'  other.  Four  of 
these  move  but  little ;  the  first,  which  ^supports  the  thumb, 
and  which  some  view  as  the  proximal  phalanx  of  that  finger, 
is  very  moveable,  corresponding  to  the  greater  mobility  of 
the  thumb  as  compared  with  the  other  fingers. 

Finally,  the  fingers  have  each  three  bones,  called  proximal, 
middle,  and  distal  phalanges  ^  in  the  thumb  there  are  only 
two.  The  distal  phalange  supports  the  nail,  and  is  sometimes 
called  the  nail  bone. 

§  277.  When  we  consider  the  arm  as  a  seriesof  broken  levers, 
we  observe  that  the  arm  is  longer  than  the  fore-arm,  and  this, 
longer  than  the  hand ;  or,  in  other  words,  that  the  mobility 
of  the  structures  and  their  flexibility  and  power  of  adaptation 
increase  as  we  approach  the  extremity,  properly  so  called. 

§  278.  The  structure  of  the  inferior  or  pelvic  extremities 
has  the  strongest  analogy  to  that  of  the  superior  limbs, 
and  the  principal  differences  to  be  observed,  have  a  neces- 
sary relation  to  their  functions ;  to  make  of  them,  in  fact,  in- 
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strum ents  of  locomotion  rather  than  of  prehension.  Hence 
their  solidity,  at  the  expense  of  their  mobility.  They  also 
have  a  basilar  portion,  the  haunch,  the  representative  of  the 
shoulder,  and  an  articulated  lever,  formed  of  three  principal 
parts — ^the  thigh,  the  leg,  and  the  foot — corresponding  to  the 
arm,  the  fore-arm,  and  the  hand. 

§  279.  The  haunch  or  basilar  portion  of  the  abdominal  or 
pelvic  extremity  is  composed  of  one  bone  on  either  side,  the 
08  innominatum  or  haunch  bone.  •  In  the  young  this  bone 
is  composed  of  three  large  portions,  called  pubic,  iliac,  and 
ischiatic  portions.  These  have  been  considered  analogous  to 
the  scapula,  ooracoid  process,  and  clavicle.  These  bones,  the 
ossa  innoroinata,  are  airticulated  in  the  most  solid  manner  with 
the  sacrum  by  strong  articulations,  and  with  each  other  at 
the  pubis ;  these  joints  are  immovable  in  their  normal  state ; 
with  the  sacrum  and  coccyx,  the  innominata  form  the  osseous 
girdle,  called  the  pelvis,  surrounding  the  lower  part  of  the 
trunk.  To  this  basin  or  pelvis  are  consequently  attached  the 
powerful  erectors  of  the  spine,  the  muscles  which  are  to 
mofe  the  lower  extremities,  and  those  which  shut  in  the 
abdominal  and  pelvic  cavities. 

§  280.  In  the  thigh  there  is  but  one  bone,  the  femur 
(Fig.  81).  The  head  of  this  bone,  by  which  it  articulates 
with  the  pelvis,  fonns,  with  the  cotyloid  cavity  of  the  haunch 
bone,  a  perfect  ball-and-socket  joint,  protected  by  a  capsular 
ligament,  permitting  of  circular  movements,  or  nearly  so. 
A  short  neck  (cervix)  connects  the  spherical  head  of  the 
femur  to  a  powerful  cylindrical  shaft,  which  enlarges  towards 
its  lower  extremity,  by  which  it  articulates  with  the  tibia. 
This  is  by  much  tie  longest  and  strongest  bone  of  the  body. 
Powerful  muscles  surround  and  move  it  in  all  directions, 
excepting  backwards  or  in  extension 

§  281.  The  skeleton  of  the  leg  is  composed  of  two  bones, 
the  tibia  and  perone  or  fibula.  The  rotula  or  patella,  attached 
to  the  tibia  by  a  powerful  ligament,  or  rather  tendon,  is  a 
sesamoid  bone,  developed  in  a  fibro-cartilage  connected  with 
the  system  of  the  tendons.  The  tibia  carries  the  whole 
weight  of  the  body,  transmitted  to  it  through  the  femur, 
which  it  transmits  to  the  astragalus.  There  is  no  rotation  at 
the  knee-joint  in  general,  nor  at  the  ankle.  The  malleoli 
formed  by  the  lower  ends  of  the  tibia  and  fibula  assist  in 
forming  a  case  for  the  head  of  the  astragalus, 

§  282.  The  foot,  like  the  band,  is  divided  into  three 
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regions:  the  tarsus,  metatarsus,  and  toes.  In  the  tarsus 
there  are  seven  bones,  the  astragalus,  os  calcis,  scaphoid, 
cuboid,  and  three  cuneiform  bones ;  in  the  metatarsus  there 
are  five  bones,  reckoned  numerically,  from  the  inner  to  the 
outer  side  of  the  foot ;  and  in  the  region  of  the  toes,  there 
are  for  the  great  toe,  two  phalanges,  and  for  the  others  three; 
besides  these,  as  in  the  hand,  there  are  two  sesamoid  bones, 
constant  and  regular,  developed  in  the  tendon  of  the  short 
flexor  below  the  ball  of  the  great  toe. 

In  man  the  great  toe  cannot  be  opposed  to  the  others ;  the 
second  toe  is  the  longest  in  all  well-formed  feet.  The  tarsal 
and  metatarsal  bones  form  a  strong  arch  towards  the  inner 
and  lower  surface  of  the  feet,  protecting  the  vessels,  nerves, 
and  tendons  passing  from  the  foot  to  the  leg,  and  the  opposite. 
The  short  flexors  of  the  toes  are  placed  in  the  sole  of  the  foot ; 
the  tendo- Achilles,  the  strong  tendon  through  which  the 
extensor  muscles  act  on  the  foot  in  walking,  is  attached  to 
the  tuberosity  of  the  calcaneum.  The  size  of  the  peroneal 
muscles  is  a  peculiarity  in  the  human  leg. 

Of  the  Attitudes  and  of  Locomotion. 

§  283.  All  mammals,  birds,  reptiles,  and  fishes,  have  a 
skeleton  formed  on  the  same  plan  as  in  man.  It  gives  to  the 
body  its  general  form,  regulates  its  development  and  movements. 

\  284.  Station  or  Standing. — ^With  the  exception  of 
serpents,  most  animals  rest  on  the  soil  by  means  of  limbs  or 
extremities.  They 
stand  by  means  of 
the  action  of  the  ex- 
tensor muscles;  and 
thus  standing  for  a 
long  time  erect  be- 
comes more  fatiguing 
than  walking,  for 
in  this  the  flexors 
and  extensors  are 
used  alternately. 

§  285.    But  the 
body  must  also  be  Fig.  84. 

in     equilihrio,     or 

balanced  on  its  base  of  sustentation ;  and  the  point  around 
which  all  its  movements  are  performed  is  called  the  centre  of 
gravity.  Now,  to  support  the  centre  of  gravity,  it  is  necessary 
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that  the  hose  of  sustentation  he  situated  vertically  helow 
the  centre  of  gravity.  The  wider,  then,  the  hase  of  sostenta- 
tion  is,  the  more  secure  the  position :  thus  we  stand  safer 
on  two  feet  than  one ;  on  the  sole  of  the  foot  than  on  the  toes 
or  heel,  <fec. ;  for  in  proportion  to  the  extent  of  the  base  of 
sustentation,  so  may  the  centre  of  gravity  be  displaced 
without  risk  of  its  falling  beyond  that  base.  The  law  holds 
good  in  all  heavy  bodies ;  thus,  the  table  (a)  represented  in 
Fig.  84  must  fall,  because  the  vertical  (c),  let  fall  from  its 
centre  of  gravity  (c),  would  fall  beyond  the  limits  of  its  base  of 
sustentation  (a)  or  in  other  words,  the  foot  of  the  table  or  the 
space  occupied  by  it ;  whereas,  the  table  (h)  would  not  fall,  for 
the  base  of  sustentation  is  sufficiently  large  to  allow  the 
vertical  from  the  centre  of  gravity  to  fall  within  its  limits. 

On  these  simple  principles  may 
I         \  readily  be  explained  the  safety 

of  the  position  of  the  quadru- 
'       ped  as  he  stands  on  four  limbs ; 
now   it   becomes   less    safe  on 
,     three,  still  less  on  two ;  and  how 
readily  the  bird  secures  itself 
on  one  leg  inconsequence  of  the 
breadth  of  the  foot  which  is  the 
base  of  sustentation.  Man  stands 
'^       readily  on  one  limb,  and  with 
little  fatigue,  especially  if  he  use 
the  other  to  secure  his  equili- 
brium ;  for  the  centre  of  gmvity 
..  p      being  in  him  towards  the  middle 
of  the  pelvis,  all  that  is  required 
pi     is  to  recline  the  body  a  little 
to  one  side,  so  that  the  centre  of 
_  gravity  may  fall  on  the  sole  of 

the    foot    which    receives    the 

Fig.85.t  ^"^'^'  weight.* 

Most  quadrupeds  can  neither 

•  Standing  on  one  foot  with  but  little  muscular  effort,  requires  the  centre  of 
gravity  to  be  thrown  forwards  so  as  to  fall  towards  the  fore  part  of  the  base  of 
sustentation ;  the  knee  tends  then  to  bend  backward,  but  is  fixed  and  ren- 
dered immovable  by  the  posterior  ligament  of  Winslow. — R.  K. 

t  Fig.  85,  hind  foot  of  the  horse.  Fig.  86,  foot  of  the  stag ;  t  the  tibia ; 
ta,  first  row  of  the  bones  of  the  tarsus ;  ta'^  second  row ;  o,  metatarsus  or 
canon  bone ;  «,  stilith  formed  by  the  skeleton  of  a  rudimentary  finger ; — 
there  are  two  such ;  p,  proximal  phalanx,  called  the  great  pastern ;  pi, 
middle  phalanx  (Little  pastern) ;  pt,  distal  phalanx,  or  coffin  bone  of  veteri> 
narians. 
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stand  on  one  foot  nor  even  on  the  two  hinder  limbs ;  it  is 
impossible  for  them  to  maintain,  excepting  for  a  few  seconds, 
such  a  position;  the  base  of  sustentation  is  too  narrow;  their 
centre  of  gravity  is  towards  the  chest,  and  the  muscles  are 
not  strong  enough  to  maintain  the  attitude.  But  in  man  this 
position  is  eas}',  natural,  and  belongs  to  him  by  the  character 
of  his  organization. 

§  286.  In  the  vertical  position  it  is  chiefly  the  extensor 
muscles  which  are  called  into  play  ;  the  limbs  forming  broken 
levers,  become  fixed ;  the  knee  and  ankle  become  immovable. 

§  287.  Sitting  is  less^  fatiguing  than  standing;  but  the 
horizontal  position  is  that  alone  which  gives  absolute  rest  to 
the  body. 

§  288.  Walking. — When  we  walk,  one  of  our  feet  is 
carried  forwards,  whilst  the  other  is  extended  on  the  limb  ; 
and  as  this  forcibly  extended  foot  rests  or  presses  against  a 
resisting  soil,  its  elongation  displaces  the  pelvis,  and  thus 
projects  the  whole  body  forwards ;  at  the  same  instant,  the 
pelvis  turns  a  little  on  the  femur  of  the  opposite  side,  and  the 
leg  which  at  first  remained  behind,  bends,  is  carried  forward, 
and  in  its  turn  is  placed  on  the  soil,  to  carry  forward  the 
whole  body  by  the  extension  of  the  foot.  By  the  aid  of  these 
alternate  movements  of  flexion  and  extension,  each  limb  carries 
in  its  turn  the  weight  of  the  body,  and  at  each  step  the  centre 
of  gravity  is  pushed  forwards.  For  an  instant  the  body  is 
carried  alternately  on  one  foot,  and  the  centre  of  gravity  is 
carried  flexuously  from  side  to  side  at  each  step,  and  this  in 
proportion  to  the  width  of  the  pelvis. 

§  289.  As  the  functions  of  every  apparatus  are  always  in 
relation  with  the  structures,  so  the  limbs  of  various  animals 
show  great  variety  in  their  disposition.  Thus,  amongst 
mammals,  some  are  destined  to  move  in  water  or  on  land,^ 
that  is,  to  swim  or  walk,  as  suits  them,  or  to  swim  only; 
others  have  the  limbs  formed  for  speed ;  others,  as  bats,  fly 
like  birds ;  some  use  their  fore  limbs  only  as  instruments  of 
j)rehension  or  touch ;  and  yet  the  limbs  in  all  these  animals 
are  formed  precisely  on  one  plan.  In  the  swimming  limbs 
of  the  seal,  the.  wing  of  the  bat,  the  fore  limbs  of  the  squirrel 
or  mole,  we  find  the  same  number  and  arrangement  of  the 
bones  (Fig.  81)  as  in  the  human  arm. 

§  290.  In  mammals  organized  for  speed,  the  limbs  are 
slender  and  the  feet  small ;  we  see  this  in  the  horse,  stag,  and 
camel,  in  which  the  toes  are  but  little  divided  (Fig.  82),  and 
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the  number  of  the  toes  is  reduced  to  it»  n 
horse,  for  example,  there  is  but  one  toe  or  finger  perfect,  two 
others  1>eing  imperlect  and  concealed  (Fig,  86);  in  others 
there  are  two,  either  alone  or  with  vestiges  ol'  one  or  two 
others,  and  these  always  short  and  not  very  moveable. 

In  thoM  also  remarkable  for  speed  of  foot,  the  limbs  are 
lon^:;  and  this  is  a  necessary  result  of  the  meohanioa!  prin- 
ciples already  eiplained. 


§  291.  Leaping. — In  walking,  the  weight  of  the  body  is 
sustained  bya  portion  of  the  iocomotory  apparatus,  whilst  its 
centre  of  grat'itj'  is  being  pushed  forward  by  the  other  part 
of  the  apparatus,  so  that  ynan  never  ceases  to  touch  the  soil. 
In  leapmg  it  is  otherwise;  the  body  is  thrown  into  the  air, 
ftnd  becomes,  as  it  were,  a  projectile.  To  effect  this,  the 
articulations  are  strongly  flexed,  ito  that,  by  a  strong  and 


soil  there  is,  in  fact,  an  apparatus  representing  an  elastic 
spring— the  joints ;  on  these  extending  violently  and  sud- 
denly one  of  two  things  must  happen,  if  the  spring  be  suf- 
ficiently strong — either  the  soil  must  yield  or  the  body,  and 
this  being  generally  the  only  moveable,  gives  way  and  becomes 
tbe  projectile.  Were  the  soil  to  yield  under  the  feet,  it  is 
obvious  that  no  leap  coold  tnke  place.  With  quadrupeds,  it 
is  principally  the  hinder  eitiemjties  which  act  as  the  spring 
or  force;  and  hence,  in  animals  of  great  speed,  as  the  ante- 
lope, horse,  &c.,  these  limbs  are  long,  and  flexed,  and  slender. 
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Id  some,  as  in  the  jerboa  and  kangaroo,  the  anterior  limbs 
are  bnt  little,  if  at  all,  used  in  progression. 

§292.  SaimmtHff  or  Flgiaq.  —  These  movemunts  are 
analogous  to  leaping,  the  only  dilference  being  in  iitct  in  the 
medium  in  which  ttkej  take  place.  The  points  to  be  con- 
sidered are,  fiist,  the  mediom,  which  in  the  case  of  flying  is 
the  air,  and  this,  by  reuHon  of  its  rarity  and  the  facility  of  itt« 
displacement,  requires  being  struck  with  much  greater  force 
and  rapidity  than  if  it  were  water,  or  the  still  more  resisting 
soil.  Hence  the  great  force  required  by  birds  in  the  muscnlar 
apparatus  hy  which  (light  is  effected.  Second,  diminution 
01  the  BUrl'aoe  of  the  motory  organs  during  the  advance 
of  the  body,  so  a^  to  o9er  less  resistance  to  the  pass^e  of  the 
body  through  the  air.  Now,  these  two  conditions  we  shall 
find  uniforuily  take  place  in  animals  which  fly  or  swim 
naturally ;  the  expanded  foot  of  the  seal  diminishes  during 
the  moment'of  advance,  and  the  wing  of  the  bird  approaches 
the  sides ;  the  flanges  attached  to  the  archimedean  screw  are 
but  poor  imitjitions  of  the  tail-fin  of  the  whale. 


§  293.  The  palmated  feet  of  the  aXter  and  seal,  of  the 
swan  and  duck,  represent  and  explain  the  mechanism  by  which 
natare  provides  lor  the  want^  of  an  animal  requiring  at 
times  to  swim  at  others  to  walk  on  the  soil ;  theotterulso 
lurnishes  a  good  example  of  this  mechanittm.  But  nature'  doex 
not  for  all  this  depart  tirom  her  great  plan  in  the  construction 
of  animals;   the  skeleton  of  the  hand  and  toot  of  the  seal 
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reaembtes  onra  (Fig.  88),  admitting  that  in  some,  as  in  the 
whale,  the  number  of  phalaoges  appears  to  exL-ecd  that  of 
mammala  generally,  and  that  the  fingers  themselves  eeem  to 
be  replacpd  by  a  number  of  osseous  pieces,  reunited  under 
a  common  integument,  aa  is  seen  in  the  fins  of  fishes. 


Fig.  aa.— The  Flying  Fiih  ((be  Dsctylopterus) . 

§  294.  The  structure  of  the  oi^ans  which  enable  an 
animal  to  fly,  haa  much  analogy  with  the  fins  generally  ; 
thus  there  are  fishes  (Fig.  89) 
which  use  indifferently  for  pro- 
greusion  in  air  or  water  tneir 
pectoral  fins. 

Some  squirrels,  and  the  animals 
called  galeopitheci,  have  a  wide 
expansion  of  the  common  inter- 
ments extending  on  either  side, 
from  the  neck  to  the  tail  and 
hinder  extremities;  and  by  this 
they  can  support  thcmselvefl  in 
the  air  for  a  short  time ;  itanstvers 
in  fiict  the  purpose  of  a  parachute. 
In  the  vertebrata,  tne  wings 
are  always  formed  by  the  pec- 
toral extremities,  without  re- 
quiring on  the  part  of  the  limb 
any  very  cxtraordinar3'  metamor- 
phosis. The  figure  (91)  repre- 
Fig,  w).— GaleopiUiMut.  senting  the  skeleton  of  the  bat 
explains  this  sufiiciently;  the  pha- 
langes of  the  fingers  are  much  extended,  and  witn  them  the 

The  wings  of  birds,  which  at  first  sight   seem   to   differ 
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eB«entiaUy  from  the  arm  of  man,  the  foot  of  the  horse,  and 
the  swimming  paw  of  the  whale,  in  point  of  fiict,  do  not  differ 
an  regards  the  basis  of  the  instrument,  the  skeleton.     To  the 


Fig.  el.— Skeleton  or  the  B*t.* 

bones  representing  the  fore-arm,  and  hand,  anali^us  to 
those  of  man,  are  attached  the  powerfdl  feathers  of  the  wing ; 
the  hand  is  small,  and  the  digital  portion  merely  rudimentary; 
but  the  basilar  portion  of  the  limb  ia  always  powerful,  and 
perfectly  adapted  for  flight. 

The  wings  of  insects  are  constructed  pretty  nearly  on  the 
oame  plan  aa  those  of  birds,  but  the  tegurut'ntaTy  part  in 
supported  on  homy  stalks,  instead  of  osseous,  as  in  the 
vertebrata. 

§  295.  Organs  of  PjvhenHon.—By  slight  modifications 
in  the  form  of  the  bones,  and  in  the  disposition  of  the  articu- 
lations, the  limbs  become  instruments  of  prehension,  instead 
of  mere  locomotion  and  support.  To  be  satisfied  of  this,  it  is 
only  necessary  to  compare  the  pectoral  and  abdominal 
extremities  in  i^an,  section- by  section,  and  bone  by  bone; 
the  rotation  of  the  radius,  and  the  consequent  movements  of 
pronation  and  supination,  t<^ther  with  an  opposing  thumb, 
constitute  in  reality  the  chief  differences  between  the  arms 
and  limbs.  Many  apes  of  the  New  Continent  (America)  have 
■  The  bones liLve  the  um9  tetten  uie  igan-82:  cl,  tht  cleiicule;  oi<, 


pTeheoBile  tails ;  unongat  reptiles,  the  chameleon  affeni  tlia 
same  peculiarity. 

OP  THS  TOICS. 

§  296.  Ill  certain  of  the  lower  animals  there  exiats  no 
trace  of  this  faculty ;  in  tDSMts,  the  sound  prodncvd  by  the  - 
friction  of  their  wings,  or  of  some  other  t«gumentary  parts, 
is  a  necessary  reault  of  their  movements, — as  of  flight,  for 
example, — and  can  scarcely  he  viewed  as  a  phenomenon  of 
eipresaion.  But  in  the  higher  aninialn  the  voice  aoqairM 
another  importance :  it  is  under  the  direction  of  the  will ;  it 
is  more  vaned,  and  depends  on  a  totally  different  cauoe ;  fqr 
in  all  these,  it  is  caused  by  the  passage  of  the  air  in  a  deter- 
nlinate  point  of  the  respiratory  canal,  disposed  in  such  a  way 
as  to  cause  the  air  to  vibrate. 

§  297.  The  larynx  {Fig.  23),  surmounting  the   trachea 
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ud  communlcatmg  directly  with  the  phttryni,  and  by  its 
seane  with,  the  nostrils  una  mouth,  le  the  oraan  of  the  voice 
in  man  and  in  mttmmala.  It  mtrf  be  felton  me  snrlaee  of  the 
neck,  a  little  below  the  hyoid  bones.  Experiments  on 
living  animals,  and  obxervations  made  on  those  who  have 
undergone  the  operation  of  tracheotomy,  that  is,  of  having  an 


Fig.  93.— WhiM-UiroitUil  S«jap(in. 

aperture  made  Into  the  windpipe  between  the  lungs  and  the 
larynx,  prove  that  the  voice  ia  formed  in  that  organ, 

§  298.  Tke  Xaryiw.— The  larynx  is  a  short  and  wide 
tube,  suspended  to  the  lingual  bones,  and  continuous  with 
■  the  trachea  or  windpipe  inferiorly  (A,  Fig.  94).  Its  walla  are 
formed  of  cartilages  called  thyroid  {(),  cricoid  (c),  aryteenoid 
{a  r.  Pig.  95).  The  salient  angle  of  the  thyroid  felt 
on  the  surface  of  the  neck  in  man,  still  retains  tbe  vulgar 
name  of  ^omttm  Adami  {a) ;  a  mncous  membrane,  con- 
tinuous with  that  covering  the  tongue,  month,  nostrils,  and 
pharynx,  lines  its  interior,  and  extending  downwards  into 
the  trachea,  becomes  the  mucous  membrane  of  the  lungs 
themHelves.  In  Uie  interior  of  the  organ,  this  mucous 
l2 


membrane  formii  -fonr  folds,  two  Buperiorij  called  the  {site 
vocal  GordB,  and  two  inferioriy  called  the  troe  vocal  cords. 
It  18  here,  upon  the  edge  of  these  folds,  by  the  wr  impinirinit 
and  eausmg  them  to  vibrate,  that  the  voice  is  fom^ 
(Figa.  95  and  96). 


mg.  »*.•  Fig.  » 
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These  folds  are  in  consequence  called  the  vocal  cords  or 
ligaments  of  the  dottiB,  the  space  between  the  true  ligaments 
beingcalled  titegftottis  or  rimaglotlidis;  the  true  vocal  cords 
are  formed  interiorly  of  folds  of  mncons  membrane,  and  ex- 
teriorly of  elastic  ligamentij,  which  stretch  from  the  interior 
of  the  salient  angle  of  the  thyroid  cartilage  to  the  arytienoid 
cartilages.  By  the  muscular  apparatus  attached  to  the  larynx 
not  only  the  entire  larjni  can  be  moved  np  and  down  in  the 
necli,  but  these  ligaments  or  true  vocal  cords  can  be  made 
tense  or  relaxed,  so  as  to  diminish,  enlarge,  or  all  but  close 
the  aperture  caUed  ritna  gloltidU,  through  which  the  air  must 
pass  and  repass  in  its  way  to  and  from  the  lui^.  Between 
the  true  and  false  ligaments  of  the  glottis  or  vocal  cords,  on 
either  side  there  is  a  cavity,  called  the  ventricle  of  the  larjni. 

•  Pig.  94,  The  nude  Ivtdi  riewed  in  proflle:  A,  >i7oid  bone;  /,  bodj  of 
tbebjoid,  grring  ■tudunent  to  the  bueof  the  toa^e^ ',  tiiTroid  cvtiiAge ; 
a.  HUent  sa^e  of  the  Ajroid  culilaen,  "^"^^  m^T  l>a  felt  nn  tbc  inrfu^  of 
tba  n«ok  (ponim  Adami):  h  membrBiiifunD  [igunent  imtt«  (he  Ihyroid 
cartilBga  U>  the  broidbonee^  r,  cricoid  cartilage;  tr,  (ncbek  or  WLodpipa; 
0,  poKerior  wallof  thelMTDiinrelalion  with  thcfullet. 

Fig.  K.  Vertinl  lectioa  of  the  lurni :  h,  hjoid  bonea ;  (,  tbrroid  cu- 
tflagei  e,  cricoid  cAftilagc;  or,  vytsnoid  cartilages;  d,  ventrids  of  tbe 
^ottis  and  of  tbe  luyni,  formed  u  detcribed  in  Ihc  text ;  ',  epiglottis ; 

Fig,  M,  Larjui,  front  new;  thecoctoorof  the  ionerwall  ii  indicated  br 
tbe  dotted  Unei  on,  iii  fi,  true  tdcbI  cnrda,  or  infarior;  U,  fake  ditto,  or 
fuperior,  Tbe  othor  part*  are  ibdicaled  by  tlie  same  letten  aa  in  the  pre- 
cvdingflgoTH. 
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Lastly,  superiorly  the  uppBr  aperture  of  the  larynx  (which 
must  not  be  confounded  with  the  rima  glottidis)  is  protected 
by  a  fibro-cartilage,  of  a  triangular  shape,  called  epiglottis, 
.by  means  of  which,  during  deglutition,  the  larynx  is  still 
further  protected  £rom  the  accidental  passage  of  food  or  drink 
into  the  air  tubes,  the  effect  of  which  accident,  unless 
instantly  relieved,  is  suffocation. 

§  299.  Mechtmism  of  the  Voice. — In  the  ordinary  state 
the'air  passes  and  repasses  the  larynx,  and  no  sound  is  neard ; 
but  when  the  muscles  of  the  larynx  contract  so  as  to  modify 
the  vocal  cords  as  to  tension,,  and  to  affect  the  diameter  of  the 
rima  glottidis,  sounds  are  immediately  produced.  The  cele- 
brated Galen  divided  in  a  living  animal  the  nerves  proceeding 
to  the  larynx,  and  first  showed  the  phenomenon  to  depend  on 
muscular  action  influenced  by  the  nerves.  By  cuttmg  the 
true  vocal  cords  the  voice  is  destroyed  altogether. 

§  300.  Most  physiologists  are  disposed  to  think  that  the 
voice  is  solely  produced  oy  the  vibrations  of  the  true  vocal 
cords  acting  in  the  manner  of  the  reed  of  the  hautboy;  this 
would  make  of  the  human  organ  of  voice  a  wind  instrument. 
Others  speak  of  it  as  if  it  more  resembled  the  violin,  or  was 
.a  stringed  instrument.  The  human  voice,  which  surpasses 
all  musical  instruments,  partakes  seemingly  of  the  qualities 
of  both  kinds  of  instruments.  It  has  been  proved  experi- 
mentally on  the  living  and  dead  larynx,  that  the  elastic  cords 
(true  ligaments  of  the  glottis)  vibrate  strongly  whilst  the 
voice  is  Deing  produced,  and  that  the  aperture  lietween  them 
becomes  much  contracted  during  the  execution  of  acute  or 
shrill  sounds;  they  mt^  even  be  made  to  touch  for  a  large 
,part  of  their  course.  They  differ  also  in  length  in  man  and 
woman,  and  in  children. 

§  301.  The  intensity  of  the  voice  depends  partly  on  the 
force  with  which  the  air  is  expelled  from  the  lungs,  partly  on 
the  size  of  various  parts  of  the  laiynx,  partly  on  the  facility 
■with  which  its  various  parts  vibrate.  In  some  mammals, 
large  cells  exist,  communicating  with  the  larynx,  and  it  is  to 
these  cells  that  the  strength  of  the  voice  is  attributed.  This 
structure  is  met  with  in  the  ass,  and  more  especially  in  the 
apes  of  America,  called  howlers. 

§  302.  The  timbre  (quality)  of  the  voice  seems  to  depend 
partly  on  the  physical  properties  of  the  ligaments  of  the 
glottis  and  walls  of  the  larynx,  partly  on  those  of  the  air- 
tube  following  the  larynx.  .  The  quality,  for  example,,  of 
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musical  instruments  is  known  to  vary  much,  according  as 
they  are  constructed  of  wood,  metal,  or  of  other  substances ; 
and  certain  modifications  of  the  voice  seem  to  be  referable  to 
a  hardening  of  the  tissues  composing  the  larynx,  and  6spe- 
ciaUy  the  cartilages.  In  women  and  children  these  cartilages 
are  sofb  and  flexible;  whilst  in  men,  and  in  women  with  a 
masculine  voice,  these  cartilages  have  become  ossified. 

The  form  and  direction  of  the  passages  through  which  the 
air  passes  after  having  escaped  beyoml  the  rimd  glottidis, 
a£feot  also  the  character  of  the  voice.  Thus,  in  passing 
strongly  through  the  nostrils  it  becomes  nasal  and  unplea- 
sant ;  the  form  of  the  mouth,  palate,  and  velum  palati  afiect, 
no  doubt,  the  quality  of  the  voice. 

§  303.  In  birds,  as  will  be  afterwards  more  fully  explained, 
the  voice  is  formed  in  a  supplementary  larynx  formed  much 
lower  down  or  in  the  trachea;  in  singing  birds  this  organ  is 
very  complex. 

§  304.  Modification  of  the  Fbtcle.-^^The  sounds  produced 
by  the  vocal  apparatus  may  be  divided  into  the  cty,  the  ^on^, 
.and  the  ordinary  or  acquired  voice. 

The  cry  is  the  only  sound  which  most  animals  can  pro- 
duce. It  is  not  modulated,  and  is  generally  sharp  and  dis- 
agreeable. The  cry  of  man  is  instinctive,  and  not  generally  a 
voluntary  act.  It  is  quite  peculiar  when  it  expresses  agony 
or  distress.  The  child  can  only  cry,  and  it  is  by  imitation  of 
his  fellows  as  he  grows  up  that  he  learns  the  art  of  modu- 
lating his  voice  so  as  to  produce  articulate  sounds.  This' 
acquired  voice  diiFers  from  the  instinctive  t^^^,  but  is  essen- 
tially formed  in  the  same  way,  that  is,  by  sounds  whose 
intervals  and  harmonie  relations  are  imperceptible  to  the  ear, 
at  least,  clearly  and  distinctly.  Singing,  on  the  contrary,  is 
composed  of  appreciable  or  musical  sounds,  of  which,  the 
oscillations  are  regular,  and  may,  as  it  were,  be  reckoned  by 
the  ear. 

§  305.  Man  also  possesses  the  remarkable  power  of  articu- 
lating the  sounds  of  his  voice,  and  this  act  is  called  prO' 
nunciation^ 

The  organs  of  pronunciation  are  the  pharynx,  the  nasal 
fossae,  and  the  various  parts  of  the  mouth.  But  man  is  not  the 
only  animal  which  has  this  power,  although  he  is  the  only  one 
who  knows  how  to  attach  meaning  to  the  words  he  pro- 
nounces, and  to  the  arrangement  he  gives  them ;  he  alon^  is 
.gi^bed  with  the  ppwer  of  speech.  . 
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OF  THE  INTELLIGENCE  AND  OF  INSTINCT. 

'  §  306.  Having  examined  the  organs  bj  which  man  and 
other  animals  acquire  their  knowledge,  there  remains  the 
study  of  the  power  which  determines  their  actions  and  the 
bhenomena  of  the  miderstanding;  This  branch  of  physiology 
having  been  more  cultivated  by  philosophers  than  naturalists, 
we  shall  confine  our  remarks  thereon  to  a  brief  space. 

It  is  man  alone  who  possesses  the  faculties  we  allude  to  in 
a  high  order^  and  it  is  man  who  naturally  has  been  most 
observed  in  this  respect;  our  comparisons  have  reference 
constantly  to  jnan ;  by  him  we  j  udge  of  other  animals. 

§  307*  Faculties  of  the  Human  Understanding. — Im' 
pressions  made  on  the  external  senses  by  the  external  world 
are  transmitted  to  the  brain  by  the  nerves :  they  are  then 
called  sensations.  Sensation,  then,  is  quite  distinct  from  an 
impression ;  it  is  an  impression  perceived ;  it  implies  con- 
sciousness ;  what  is  ]i6t  perceived  has  no  existence  for  us. 
The  perceiving  faculty  is  usually  spoken  of  as  the  mind,  the 
^irit  (esprit)^  the  soul ;  the  thinking,  perceiving,  and  reflect- 
ing power,  conscious  of  its  own  independent  existence. 

§  308.  Over  this  consciousness  we  have  n(^  power  during 
sleep,  but  when  awake  we  can  direct  it  to  one  object  to  the 
exclusion  of  others.  When  thus  forcibly  and  strongly  called 
on  -by  one  impression,  pain  ceases  to  be  i'elt^  and  the  external 
world  is  np  longer  observed.  This  faculty  is  called  the  power 
of  attention,  which  varies  almost  in  every  individual. 

§  309.  The  constant  relation  of  cei*tain  sensations  to  cer- 
tain impressions  leads  to  the  inference  that  the  one  causes 
the  other ;  that  the  one  is  the  effect,  the  other  the  cause.  We 
arrive  at  this  conclusion  by  the  natural  powers  of  induction. 
(We  thus  acquire  a  knowledge  of  the  external  world;  and  we 
learn  to  judge  by  comparison  of  the  different  qualities  of 
objects. 

Soon  the  mind  does  not  stop  at  this  point,  but  proceeds  to 
weigh  more  and  more  carefully  the  impressions  and  sensations 
thus  received;  the  faculty  of  judging  and  comparing  be* 
comes  rapid  and  surer ;  it  is  not  the  senses  which  are 
exercised,  it  is  the  judgment ;  the  organs  of  sense  tequire  no 
education.  And  here  man's  faculties  would  stop,  were  it  not 
for  another  facility,  by  which  sensations  long  smce  received 
can  be  recalled,  and  compared  with  each  other,  and  with  those 
then  and  there  present.    -  • 
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6  310.  This  faculty  is  the  memory;  by  its  means  we 
recal  the  sensations,  more  or  less  vividly,  more  or  less  ac* 
curately,  according  to  our  natural  powers  of  perception*  The 
power  varies  almost  in  every  person.  It  may  be  destroyed 
by  disease  or  strengthened  (?)  by  exercise;  active  in  youth,  it 
becomes  dull  with  age,  especially  as  regards  the  events  of 
yesterday,  whilst  the  sensations  of  youth  are  readily  recalled, 
even  in  extreme  old  age.  Youth,  then*  is  the  Age  for  acquiring 
knowledge. 

Nothing  is  more  capricious  than  this  faculty  called  memory; 
it  would  seem  as  if  there  were  so  many  distinct  memorieSf 
which  different  men  possess  in  various  degrees.  Some  have 
a  memory  for  words,  others  for  dates,  others  for  language,  in 
its  largest  sense ;  and  by  disease  one  of  these  memories  may 
be  destroyed  and  not  the  others.  But  there  exist  no  good 
grounds  for  supposing  that  there  really  exist  more  memories 
than  one. 

§  311.  By  the  faculty  oi  judgment  we  compare  the  sensa** 
tions  derived  £rom  aU  sources  with  each  other,  study  their 
relations  and  draw  from  them  certain  conclusions  or  opinions ; 
and  it  is  this  faculty  whicli  especially  characterizes  man  from 
all  that  lives.  By  reflection  he  studies  his  own  Acuities, 
and,  when  it  is  sound,  measures  them  accurately  with  others. 

§  312.  The  imagination  is  a  faculty  which  plays  an  \m* 
portant  part  in*the  phenomena  of  the  human  intemgenoe ;  it 
IS  connected  with  the  power  we  have  of  creating  signs  to 
represent  our  ideas. 

§  313.  Finally,  the  will,  without  which  our  other  Acuities 
were  given  to  no  purpose ;  the  will,  by  which  we  seek  plea- 
sure and  safety,  and  avoid  pain  and  danger.  With  this, 
however,  there  is  joined  a  tendency  to  induction,  and,  super- 
added as  it  were,  the  sentiment  of  justice,  of  the  beautiful^ 
of  pity;  in  a  word,  all  the  moral  sentiments  so  peculiarly 
human,  and  which,  tliough  general,  men  possess  in  such  varied 
degrees. 

§  314.  These  fisuiulties  have  strong  affinities  with  others, 
which  may  be  named  affective,  such  as  parental  and  filial 
affection  for  our  fellow-creatures,  <&c. ;  and  these,  on  the  other 
hand,  have  strong  affinities 'with  our  natural  instincts.  In 
man,  these  instincts  are  but  little  developed,  compared  with 
what  we  find  in  other  animals,  in  whom  they  play  a  most 
important  part. 

§  315.  Principles  qfActiotis* — The  various  faculties  we 
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lia^e  just  enumerated  are  the  determining  cainse  of  niost  of 
pur  actions* 

§  316.  Certain  actions,  as  tkose  of  the  heart  and  intes* 
tines,  called  peristaltic,  are  autojnatic,  that  is,  they  are  alto* 
gether  independent  of  oar  wiU.  Other  movements  are  semi'* 
automatic,  as  the  respiratory,  and  the  force  which  determines 
these  seems  to  reside  in  the  spinal  marrow  (§  255). 

The  effects  of  hahit  and  of  the  association  of  ideas  form  an 
interesting  subject  of  psychological  inquiry ;  but  for  this  we 
have  no  space,  but  must  remain  content  with  merely  pointing 
out  the  analogy  between  the  acts  resulting  from  these  ana 
the  operations  of  instinct. 

§  317*  Faculties  of  Animals, — Contrary  to  what  mi^ht 
have  been  expected,  the  study  of  animal  instinct  is  more  diffi-* 
cult  than  that  of  the  human  understanding ;  we  have,  in  fact, 
no  means  of  knowing  how  they  think  and  feel ;  we  can  judge 
only  by  the  results,  that  is,  their  actions. 

§  318.  All  animaLs  feel ;  but  in  the  lowest  it  is  not  easy 
to  perceive  that  the  sensations  they  experience  lead  to  any 
act  of  judgment  or  reflection:  they  move  to  avoid  an 
obstacle,  and  that  is  all.  The  faculties  of  relation  seem 
limited  to  this  in  the  inftiBoria  and  in  zoophytes.  But  as  we 
ascend  in  the  scale,  acts  appear  in  the  history  of  animals,  so 
oomplex  and  so  appropriate,  as  to  force  us  to  admit  an  ad- 
mirable instinct  to  preside  over  these,  and  even  a  degree  of 
intelligence  resembling,  however  distantly,  our  own.  The 
naturid  history  of  the  beaver,  the  bee,  and  the  ant,  are  singu- 
larly instructive  on  this  point ;  whilst  the  intelligence  of  the 
dog,  the  elephant,  and  the  ape,  has  at  all  times  attracted  the 
notice  of  man. 

§  319.  Instincts  of  Animals, — The  character  which  espe- 
cially distinguishes  instinct  from  reason,  is,  that  instinctive 
actions  are  not  the  result  of  experience  or  of  previously  acquired 
knowledge  through  the  senses,  whilst  those  of  reason  can  be 
readily  traced  to  that  source.  In  man,  the  reason  takes 
almost  wholly  the  place  of  instinct;  in  animals  it  is  the  re- 
verse. As  one  of  the  simplest  examples  of  instinct,  we  may 
cite  the  case  of  ducklings  natched  and  brought  up  by  a  hen* 
In  spite  of  every  effort  made  by  the  supposed  parent,  the 
duckling  at  once  seeks  the  water,  and  boldly  plunges  into  a 
medium  of  which  it  has  no  experience,  and  into  which  its 
adopted  parent  dare  not  follow. 
As  examples  of  instinctive  acts  of  extreme  complication,  we 
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DMj  cite  the  Ubonra  of  the  hee.    Now  bees  require  neither 

modeU,  nor  inatmction,  nor  eiperience ;  thej  are  self-tuught, 
and  from  generation  to  generation  they  labour  in  the  same 
way;  hnt  thej  continue  also  to  labour  (and  this  ia  why  wo 
My  "  blind  instinct")  when  their  labours  can  be  of  no  avail. 
Such  labours  I'anDOt  be  ascribed  to  any  acts  of  intellieence, 
but  resemble  rather  those  which  lead  the  infant  to  the  breast 
6t  its  parent. 

80  varied  are  the  instincts  of  animals,  that  we  could  only 
Venture  in  a  brief  manual  such  as  this  to  speak  of  a  few 
— these  we  shall  select  from  amongst  the  more  remarkable. 
I  §  320.  The  principal  instinctive  actions  may  be  arranged 

in  three  classes,  according  aa  they  refer  to  the  preservation  of 
the  species,  to  that  of  the  individual,  or  to  its  relations  with 
other  animals. 

§  321.  Of  the  instincts  bestowed  on  animals  by  nature, 
none  is  more  remarkable  than  that  inciting  them  to  live  ex- 
clusively on  certain  substances.  Some  of  the  Bimplest  ani- 
mals are  without  instinct,  and  swallow  whatever  comes  near 
them:  such  is  the  case  with  various  loophytes;  but  it  is 
quit«  otherwise  with  mont,  which  refuse  obstinately  all  sorts 
of  food  but  one.  Some  live  exclusively  on  animal  food,  others 
on  vegetable ;  others  only  on  certain  plants,  or  the  leaves  and 
fruit  of  but  one  plant,  showing  an  indifference  for  aU  others ; 


Fig.  97.— Ant-lion. 

and  what  is  most  remarkable  is,  that  at  a  certain  stage  of 
their  growth  they  will  abandon  this  kind  of  food  for  another, 
with  the  use  oi"^  which  they  were  previously  wholly  unac- 
qnainted.  Thus  certain  insects,  carnivorous  in  the  larva 
state,  become  phytivorous  when  perfect ;  and  fn^,  which 
trhai  tadpoles  are  vegetarians,  beconte  carnivorous  as  frogs. 
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§  332.  With  the  instinct,  nature  of  coniw  girea  the  ability 
to  gratify  it 

ThoB  the  larva  of  the  ant-lion  (Fig.  98),  a  Bmall  insect  lo^ 
sembling  an  ephemera,  preye  on  antii  and  other  inaects,  of 
which  it  BQclia  the  juices;  bnt  being  alow  of  foot,  it  is 
forced  to  spread  trapa  for  the  capture  of  its  prey.  It  digs  in 
the  sand  a  small  pit,  in  the  form  of  a  funnel  (Fig.  99),  in  the 
bottom  of  which  it  conceals  itself,  watching  the  moment 
when  its  prey  maj  fall  unawares  into  it.  Should  the  foil  not 
be  effectual,  it  stuns  its  victim  by  tbcowing  erains  of  sand 
at  it,  by  means  of  iU  mandibles.  Its  mode  oi  procedure  in 
digging  the  pitlall  is  equollv  curious.  AiW  having  examined 
the  ground,  it  traces  a  circle ;  placing  itself  within  this  larcle, 
it  commences  dicing,  throwing  out  the  sand  from  the 
excavation  as  it  is  bemg  formed ;  thin  is  done  by  means  of 
the  head.  Thns  he  continues  turning  himself  round  within 
the  circle  traced,  until  he  returns  to  the  point  from  which  he 
started,  where,  changing  sidef,  he  repeats  his  labour  until  the 
pitfoll  be  complete.  Should  he  meet  with  a  stone  difficult  to 
move,  he  leaves  it  fora  while,  to  return  to  it  when  the  rest  of 
his  work  has  been  accomplished  i  his  whole  efforts  are  now 
directed  to  remove  the  stone,  bat,  should  these  ful,  he  aban- 
dons the  entire  enterarise,  proceeding  elsewhere  to  break  up 
fresh  ground.  Lastly,  he  rep^rs  carefully  any  damage  done 
to  the  walls  of  the  pit&ll  by  accident. 


Fig.  98.— Link 


Fig,  W.— FitJkl!  of  the  Asl-Uon. 
■    Certain  spiders,  as  is  well  known,  spread  nets  still  mor« 
cnrioux,  to  catch  flies  and  small  insects.     The  disposition  of 
the  thread  of  the  web   in   some  is   without  regularity;  iii 
otikers,  as  in  the  web  of  the  Epeira  Diadema,*  it  presents  the 

*  Arfeau  BiftdflDiA,  Lin.  ,  .  .   .  i_ .- . 


tibnort  elegance  of  amLngement.  Some  endoBS  their  viotim, 
in  addition,  witb  threads  of  the  web,  so  as  to  afford  them  time 
to  pierce  it  with  theii  \< 


\ 


Fig.  100.— OOBunOB  Sqnirrsl. 

The  Archer  of  the  Gangefl,  a  fish  living  on  insects,  spiTts 
water  on  those  he  aees  on  aquatic  herbs,  and  is  said  stdaom 
to  mias  hta  prey,  even  at  the  distance  of  several  feet. 

Finally,  to  inntinct  must  be  ascribed  most  of  the  wilea  prac- 
tised by  quadmpeds  during'  the  chase  of  tlieir  prey. 

§  323.  To  the  sanie  class  of  instincts  must  oe  referred  the 
cnmulative  or  store-forming  habits  of  certain  animals.  The 
common  smiirrel  fiimishes  qs  with  an  example  of  this  pro- 

Sosity  to  lay  np  a  st«re  of  provisions  gainst  a  scannty,  to 
dreaded  or  expected  in  wmt«r;  but  the  propensity  eiiata 
where  no  change  of  season  indicates  the  reaaonableneas  of 
SQch  an  event.  The  young  commence  laying  up  stores  of 
provision  during  summer  in  hollows  of  trees,  which  they 
readily  find  in  winter,  even  though  concealed  with  enow. 
The  Lagomgs  pica,  a  Siberian  rodent,  not  only  lays  up  a 
vtorc  for  the  winter,  but  he  turns  his  grass  into  hay,  exactly 
as  oar  farmers  do  it,  before  he  stores  it.  Under  each 
magazine  of  hay,  prepared  in  fine  weather  with  the  greatest 
care  and  fores^ht,  he  digs  a  passage  to  his  burrow,  tliat 
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be  may  visit  each  in  turn,  tinder  shelter  and  nnder  ground, 
protected  from  accidents  and  sheltered  from  the  inclemencj 
of  the  weather.  The  hee,  of  which  we  shall  preBentty  speak, 
Ubooni  in  this  direction,  laying  up  ample  store  of  provisione 
for  winter. 

§  324.  Amonget  the  preservative  instincts,  as  thej  maj 
be  called,  is  the  art  of  constructing  dwellings  without  either 
model  or  instniilion.  The  silkworm  spins  acocoou,  in  which 
it  remains  as  a  larva,  until  reodj  to  become  a  butterfly.  The 
rabbit  forms  its  warren,  and  the  beaver  its  well-known  habi- 
tation. The  hampstCT  (Pig.  101),  a  small  rodent  analogous 
to  ttie  rat,  met  with  in  Uie  plains,  from  Alsace  to  Siberia,  and 
which  is  so  iiynriouij  to  i^culture,  constructa  a  dwelling 
with  two  issues  or  exits ;  the  one  oblique,  by  which  it  throws 


Fig.  IOI.-TKb  H«iip.tM, 

out  the  loose  earth  produced  hj  its  excavations;  the  other, 
perpendicular,  is  the  way  by  which  it  enters  and  leaves  its 
dwelling.  These  galleries  lead  to  a  certain  number  of  cir- 
cular excavations  communicating  with  each  other  by  hori- 
zontal passages ;  one  of  these  cells,  famished  with  dried  erass, 
is  the  dweUing  uf  the  hampater;  the  others  are  intended  t« 
serve  as  magazines  of  provisions,  which  it  collects  in  consi- 
derable quantities. 

Some  spiders  (mygalse)  conatrnct  works  like  those  of  the 
hampster,  but  more  complicated ;  for  they  not  only  construct 
a  vast  and  commodious  dwelling,  bnt  know  how  to  shut  it  in 
by  means  of  a  covering  or  doorway,  furnished  with  a  hinge. 
On  the  side  opposite  to  the  hinge  are  a  number  of  snuill 
openings,  into  which  the  animal,  introducing  its  claws,  holds 
the  covering  secure  when  an  enemy  attempts  to  open  it.  The 
exterior  of  the  doorway  of  this  den,  aa  it  mav  be  called,  is  left 
rough,  lihe  the  neighbouring  soil,  so  as  to  elude  observation; 
the   pit  forming  the  den  is  dug  in  argillsceons  earth,  and 


lined  iDt«^orly  with  a  kind  of  eitremel;  eonBUtent  mortar, 
and  a  lid  or  covering  is 
worked  with  alternating  lar- 
era  of  mir  j  earth  and  tbreada 
reunited  into  e,  tissue,  made 
to  fit  eiactly  and  to  open 
onlj  outwards.  The  hinge 
supporting  thia  covering  la 
formed  i>y  a  continuation  of 
the  filamentous  layers  pro- 
ceeding from  ft  pomt  of  its 
contiiur  upon  the  walla  of  the 
tnbe  situated  beneath  it, 
forminff  there  a  pad  or  hood, 
performing  the  office  of  a 
Eie,  103.— N»i  of  the  Mjg^.         mantle-tree. 

Amoug  insects  alio  may 
be  obaerved  many  remarkable  instances  of  siueular  instincts 
in  the  construetiim  of  dwellings.  The  larva  of  a  small  noc- 
turnal butterfly,  the  ior- 
trix  viridistima,  ia  one  of 
these ;  it  lives  on  the  oak, 
rolling  up  its  leaves  and 
connecting  them  together 
with  thr^s.  Others,  as 
the  teiffng  dea  drops,  a 
small  grey  and  silvery 
papillon  or  moth,  which, 
when  in  the  larva  stat«, 
rapidly  breaks  up  woollen 
stuffs,  forming  galleries  in 
Fig.  i(H.— Meit  of  the  Tortrit  the  thickness  of  the  web 

or  cloth.  With  the  hairs 
or  wool  thus  detached  it  forms  lon^  tubes  as  a  dwelling; 
and  what  is  singular,  is,  that  when  this  becomes  too  small  to 
contain  it,  it  breaks  it  open  and  adds  to  its  length. 

Hybemating  animals  show  singular  instincta,  tending  to 
their  preservation :  they  prepare  a  winter  dwelling,  and  shut 
it  in,  as  if  conscious  or  aware  that  they  would  not  require  to 
leave  it  for  a  long  period;  also  to  protect  tbem  from  the  access 
of  cold  and  enemies.  This  is  the  case  with  the  marmot 
exhibited  in  the  street  by  Savoyard  boys. 

§  325.  A  third  class  of  instinctive  faculties,  whidi,  like 
the  preceding,  have  a  reference  to  the  preservation  of  the 
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individual,  but  which  at  other  times  seem  combined  with  the 
faculty  of  securing  to  the  young  conditions  favourable  to  their 
existence,  is  exhibited  by  those  animals  which  undertake  distant 
journeys :  sometimes  even  to  change  their  climate  periodically; 
occasionally  they  merely  leave  the  district  when  they  have 
exhausted  the  provisions  it  furnishes  to  them;  sometimes  it 
is  the  cold  of  winter  which  urges  them  towards  the  south,  oi: 
the  heats  of  summer  which  drive  them  to  the  north.  But 
these  journeys  are  always  undertaken  before  any  atmospheric 
change  appreciable  by  us  has  happened  to  warn  them  of  a 
necessity  for  such  a  change ;  or,  in  other  words,  their  instinct 
leads  them  to  perceive  the  coming  event,  and  directs  them  at 
once  to  the  object  sought,  the  region  they  aim  at,  without 
the  least  hesitation  or  error.  They  unite  in  bands,  and  thus 
proceed  on  their  journey. 

The  apes  of  the  New  World  change  their  habitat  irregularly; 
they  exhaust  the  resources  of  a  district,  and  proceed  in  search 
of  another  with  loud  cries,  carrying  their  young  on  their  backs. 

The  lemmings  also  undertake  distant  journeys,  seemingly 
in  an  irregular  manner,  and  for  reasons  which  man  cannot 
discover.  They  inhabit  the  shores  of  the  Icy  Sea,  and  descend 
occasionally  from  the  mountains  in  innumerable  bands.  These 
migrations,  fortunately  for  the  inhabitants  of  Sweden  and 
Norway,  happen  only  about  once  in  ten  years ;  for  the  lemr 
mings  travelling  in  straight  lines,  and  thus,  crossing  rivers., 
rocks,  and  mountains,  destroy  all  vegetation,  even  to  the 
roots  and  grains.  Nothing  diverts  them  from  their  course 
but  smooth  walls,  which  they  cannot  cling  to. 
.  In  general  such  journeys  are  periodic.  A  small  rodent, 
resembling  the  lemming,  annually  leaves  Kamtschatka  for  the 
west;  they  march  in  straight  lines,  and  are  so  numerous,  that 
when  they  reach  the  banks  of  the  Octrolsk  and  of  the  Jou- 
doma,  afler  having  traversed  25  degrees  of  longitude,  a  single 
column  will  occupy  two  hours  in  defiling.  In  October 
they  return  to  Kamtschatka,  and  their  return  is  a  jov,r 
defete  for  the  inhabitants,  for  the  number  of  the  camivora 
which  follow  them  is  so  great  as  to  furnish  an  abundance  of 
valuable  furs.  At  the  Cape  of  Good  Hope  and  in  North 
America  are  also  met  with,  in  spring  time  and  autumn,  vast 
herds  of  antelopes  and  deer,  migrating  to  great  distances.* 
But  it  is  chiefly  in  the  class  Birds  that  the  more  remarkable 
instances  of  this  migratory  habit  are  found.    A  great  number 

*  These  migrationa  of  the  Antelope  in  Southern  AfHca  appeared  to  me  to 
be  chiefly  regulated  by  the  condition  of  the  pasture.— B.  E. 
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of  UiMe  animala  pans  and  repoM  trom  Europe  to  AMca  so 
regnlarlj  that  one  may  almost  name  the  daj  of  their  probable 
arrivaL  The  swallow  cometi  in  Bpring  and  departs  in  Hutnmu. 
At  this  setwon  they  unite  in  troops,  and  ma;  be  seen  cul< 
lect«d  on  some  prominence  of  the  Mediterraneaa  shores, 
watching,  as  it  were,  the  favourable  moment  for  the  com- 
mencement of  their  joiimej.  The;  proceed  sometimes  as  far 
as  Senegal.  The  quail  also  seeks  in  the  milder  regions  of 
Africa  and  Asia  Minor  a  winter  residence;  and  many  northern 
birds  migrate  annually  towards  the  South,  to  pass  the  rieo- 
rons  season  in  milder  climates,  returning  towm^  the  p<Mar 
r^ons  with  early  spring.  The  same  instinct  exists  in  fishest 
the  salmon,  herring,  tunny,  &c.,  offer  examples  sufficiently 
well  known. 

§  326.  No  less  curious  are  the  instincts  which  lead  insects 

and  otlier  animals  to  provide  for  the   preservation  of  the 

young.     The  tedious  process  of  incubahon  or  hatching  the 

eggs ;  the  care  bestowed  by  the  parent  on  the  young  so  soon 

as  they  appear;  the  selection  of  the  locale;  the  construction 

of  the  nest;  the  kind  of  education  which  some  give  their 

young;  the  forethought  which  provides  for  the  young,  food  in 

abundance  the  moment  they  require  it,  added  to  the  love  of 

offi'Pring  so  strongly  shown  in  many  animals,  must  always 

escite  in  every  reflecting  mind  the  utmost  admiration  of  the 

.boundless  power  and   knowledge  and  wisdom  of  the  great 

.Author  of  nature.     These   instincts 

extend  to  woman  herself,  and  develop 

in  her  at  once  all  the  fondness  of  a 

parent  and  the  sagacity  of  woman- 

§  327.  As  many  insects  never  see 

their   young,   these   wonderful    acts 

arise  only  from  instinct :  many  place 

by    the    side   of   the     larva,     Ibod 

adapted  for  its  nourishment,  not  such 

as  tney  themselves  use.    The  necro- 

phore  (Pig.  101),  often  met  with  in 

Fig.  104.— Necrophore.*       the   fields,   buries   tlie  carcase   of  a 

mole  or  some  other  animal  near  the 

place  where  it  deposits  its  eggs,  that  the  young  when  they 

appear  may  have  an  abundant  supply  of  provisions.     They 

live  on  putrid  meat  like  the  parent ;  but  the  pompiles,  insects 
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allied  to  the  vraffp,  live,  when  adult  on  vegetable  food, 
as  larvsB  on  animal  Habstances.  They  thus  provide  for  the 
joung  a  food  thej  do  not  tJieraselves  um;  they  place  near 
the  nest  the  hody  of  a  spider  or  of  some  caterpillar,  which 
they  have  pierced  with  their  sting.  The  lylocopes  (Fi^.  105) 
have  similar  habits,  and  hollow  ont  in  timber  a  series  of 
eelb,  serving  at  onee  a»  nests  and  storehouses  for  their  larve. 


Fig.  lOB.-Xylooofie  (Cwpenler  Bee).  Fig.  109.— Nest  of  Uk  XjlocDpe. 

§  328.  Thr  adult  bird  seldom  provides  any  nest  or 
dwelling  for  itself;  it  is  for  itd  feeble  and  tender  young  that 
it  labours  with  such  skill  and  perseverance  in  the  coustraction 
of  a  dwelling  for  them  when  they  most  require  it.  These 
neiits,  which  vary  with  the  species,  are  yet  as  it  were  identical 
as  regards  any  species,  and  are  uniformly  constructed  in  the 
way  best  befitting  the  young  of  that  species.  They  vary  in 
their  position,  in  forma,  and  composition,  but  most  have 
a  hemispheric  form,  the  exterior  farmed  of  stalks  and  grass 
and  herlKi,  the  interior  of  soil  downy  substances,  as  mosa 
(Fig.  107) ;  but  at  times  they  are  more  complen.  A  well- 
known  instance  is  that  of  the  baya  of  India,  a  bird  of  the 
nature  of  our  bullfinch ;  the  nest  it  forms  resembles  a  bottle, 
and  is  suspended  to  the  branch  of  a  tree,  so  tliat  neither  apes, 
serpenti>,  nor  even  squirrels  cau  reach  it ;  the  entrance  to  the 
nest,  moreover,  looks  downwards,  so  that  the  bird  can  only 
enter  from  below,  and  flying.  It  has  two  chambers,  one  for 
the  male,  the  other  for  the  female.  Another  nest  equally 
curious  is  that  of  the  Sylviasutoria,  which  converts  the  cotton 
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of  the  cotton-tree  into  threads,  and  ivith  tfaeae  sewd  together 
the  leaves  »o  as  to  form  a  neat. 

Even  some  fishes  conetruct  a  kind  of  coarse  neat,  in  which 
the;  deposit  their  ova;  but  it  is  amongHt  insects  that  the 
constructive  power  is  the  most  remarkable ;  »nd  to  this  we 
shall  netum  in  deacribiug  the  nests  of  bees  and  wasps,  and 
we  shall  therefore  conclude  this  brief  sketch  by  a  single 
example  taken  from  the  class  of  solitary  insects. 

The  Xylocope  Tiolacea,  an  insect  common  enough  in  France, 
is  allied  to  the  family  of  bees.  This  animal  (Fig.  105) 
hollows  out  in  the  timber  of  the  hedge-rows,  of  fruit-trees, 
and  of  vine-poles,  oval  holes,  which  at  first  advance  obliquely, 
then  curve  downwards,  and  descend  vertically  for  a  foot  or 
more :  in*  thus  tunnelling  the  wood,  the  li^locope  takes  care 
to  preserve  and  collect  together  the  Mbrit,  with  which  it 
afterwards  constructs  partitions,  thus  forming  cells  for 
lodging  the  larv»  and  their  food;  in  each  cell  is  deposited 
an  egg,  and  a  quantity  of  vegetable  fodder  afl  food  for  the 
young  so  soon  as  it  may  be  liatched. 


§  329.  By  instinct,  animals  lead  a  solitary  life  or  live  in 
groups;  and  these  groups  unite  for  mutual  defence.     Each 
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epeciea  hxf  its  own  habits  and  its  own  relationa  with  other 
animals,  with  which  it  oonaoiia  or  avoids  or  pursues.     These 


associations  are  sometimes  perniHiient,  at  others  only  tem- 
porary. The  hysna  and  wolf  unite  in  groups  only  when 
pressed  by  hunger.  Swallows  also  asaenible  for  the  purpoae 
of  travellme.  Still  more  remarkable  is  the  so-called  pigeon  of 
America.  They  collect  in  almost  countless  millions.  The 
celebrated  American  omitbolo^st,  Wilson,  calculated  at 
2,000,000,  a  single  band  whidi  he  saw  in  Indiana  j  aiid 
Audubon  relates  that  one  autumn  day  he  left  his  house  at 
Hendei'son,  on  the  bonks  of  the  Ohio,  and  whilst  traversiiig 
the  uncultivated  plakis  near  Harsden burgh,  he  saw  these  wild 
pigeons  in  considerable  numbers,  flying  tirom  north-west  to 
south-east ;  as  he  journeyed  on  to  Louisville  the  flock  of  birds 
became  more  and  more  numerous,  until  the  light  of  middaj' 
was  obscured  as  in  an  eclipse;  the  droppings  tell  like  snow; 
before  sunset  he  arrived  at  Louisville,  a  distance  of  fittj-five 


miles,  but  the  flij^ht  of  the  migratory  pjgeona  etill  went  ou; 
this  phenomenon  continued  for  three  days ;  the  droppings 
&om  the  birds  formed  a  distinct  layer  on  the  soil ;  foi'ests 
were  stripped  of  their  leaves,  and  sometimes  destroyed,  and 
the  traces  of  their  passage  will  remain  for  years. 

Fishes  and  insects  are  also  gregarious,  the  herring  for 
examtile,  and  locust ;  the  former  ssaembling  in  vast  shoals, 
and  the  latter  iu  such  numbers  as  to  devastate  a  country. 

§  330.  The  Fsittacus  infucatits  is  described  by  Levullant 
as  assemhlin^  in  numbers  towards  evening  to  bathe  aud  sport 
in  some  limpid  stream,  returning  to  the  woods  so  soon  as  the 
evening  pastime  is  finished.  It  is  this  instinct  of  sociability 
which  wings  together  the  warren  rabbit  and  the  pr^ne 
dog  of  America,  a  small  rodent,  with  habit«  resembling 
generally  this  class  of  animals.  But  it  is  chiefly  in  the 
Beaver,  the  wasp,  bee,  and  aut,  that  this  sociable  instinct 
shows  itself  in  its  utmost  development;  that  is,  instinct 
directing  all  towards  some  common  labour. 

§  331.  The  Canadian  beaver  is  of  all  animals  the  most 
remarkable  for  its  sociability  and  instinctive  industry.  Du- 
ring summer  it. leads  a  solitary  life  in  burrows  dug  by  the 
banks  of  some  lake  or  river;  but,  when  winter  approaches,  it 


quits  its  burrow  to  assemble  with  its  fellows  to  construct  in 
common  with  them  its  winter  dwelling.  In  a  spot  remark- 
able for  itsBolitade,  a  group  of  two  or  three  hundred  assemble, 
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and  display  all  their  architectural  industry.  Here  they  select 
a  stream  of  sufficient  depth  as  not  to  freeze  throughout 
during  the  winter.  They  begin  by  forming  with  branches  of 
trees,  interlaced,  the  intervals  being  filled  up  with  stones  and 
mud,  a  sloping  dyke,  with  the  convexity  towards  the  stream-; 
this  dyke  they  crisp  entirely  with  a  thick  and  solid  covering. 
The  dyke  is  generally  eleven  or  twelve  feet  at  the  base.  It  is 
strengthened  annually  by  new  works,  and  ultimately  becomes 
covered  with  a  thick  vegetation.  Thus  is  provided  a  pool  of 
stagnant  waters,  or  at  least  waters  but  little  disturbed,  in 
proximity  with  their  dwellings. 

When  the  dyke  is  finished,  or  when  the  waters  are  smooth, 
such  a  preliminary  work  is  not  required.  The  beavers 
separate  into  a  certain  number  of  families,  and  commence 
constructing  their  huts,  or  repairing  those  already  built. 
These  cabins  are  raised  against  the  dyke  or  on  the  edge 
of  the  waters,  and  are  of  an  oval  form ;  they  are  constructed 
in  the  same  way  as  the  dyke  itself,  of  branches  of  trees, 
strongly  cemented  together  by  a  kind  of  puddle  work.  For 
this  purpose  they  use  the  earth  dug  from  under  the  wall 
or  the  banks,  and  work  it  with  their  feet ;  it  does  not  appear 
that  the  tail  is  employed  for  this  purpose.  TIte  branches 
of  the  trees,  no  matter  what  be  their  size,  are  readily  cut 
through  with  their  sharp  rodent  teeth;  and  when  a  larger 
trunk  is  required  so  as  to  intercept  the  stream,  they,  work- 
ing in  groups,  divide  it  so  that  it  shall  fall  in  the  most 
favourable  manner  to  be  floated  to  its  destined  resting-place. 
Their  cabins  have  two  floors,  one  under  water,  the  other  above ; 
the  entrance  and  exit  are  by  the  chamber  which  is  under 
water.  Finally,  all  these  works  are  carried  on  at  night,  and 
with  extreme  rapidity.  When  the  proximity  of  man  hinders 
the  beaver  from  uniting  in  numbers  sufficient  to  carry  on  those 
works  requiring  the  association  of  many,  they  no  longer 
build  huts ;  but  the  instinct  of  construction  remains  even  in 
captivity,  as  has  been  seen  in  beavers  confined  in  the  Garden 
of  Plants,  in  Paris,  as  shown  by  their  collecting  bits  of  wood 
for  a  work  which  was  not  to  be  carried  through. 

Perfect  societies,  like  the  one  just  described,  are  rare  amongst 

birds ;  yet  we  have  in  the  Loxia  social  a  kind  of  sparrow  of 

•  the  Cape  of  Good  Hope,  a  specimen  of  the  sociable  instinct. 

These  birds  construct  their  nests  under  a  roof-work  common 

to  the  whole  colony  (Fig.  111). 

The  nests  of  wasps  surprise  us  by  the  regularity  and  per- 
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fection  of  their  conatrnction.  Wasps  detach,  by  meauB  of  their 
mandibles,  parcels  of  old  wood,  which  they  convert  into  &  kisd 
of  paste  resembling  paiil«board,  with  which  they  conrtruct 
rowu  of  hex^ona]  cells ;  these  rows  are  placed  parallel  to 
each  other,  and  at  certain  distances  supoorted  by  pillars, 
which  serve  also  to  xuapeud  them ;  finally,  ttie  whole  is  placed 
sometimes  in  the  air,  at  others  in  the  hollow  of  a  tree,  or 
even  nndergronnd,  according  to  the  species,  eiposed  or  en- 
closed in  a  common  covering  (Fig.  112). 


Fig.  111.— Nest  of  ths  Kepnblioui. 

§  332.  Community  of  labour  is  the  great  feature  in  the 
history  of  the  bee ;  but  the  bee,  in  its  relations  to  the  work- 
ing bee  and  the  queen  bee,  shows  other  instincts  not  less  re- 
markable. 

The  domestic  beos,  originally  from  Greece,  but  since  spread 
all  over  the  world,  live  in  colonies  composed  of  ten  to  thirty 
thousand  neutral  or  working  bees,  of  from  sii  to  eight  hun- 
dred males  called  drones,  and  of  a  single  female,  which  seems 
to  reign  as  queen.  They  establish  their  dwellings  in  the 
trunk  of  some  ancient  tree,  or  in  the  hive  which  man  prepares 
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for  them ;  and  to  the  worliing  bees  beinng   the  labours  to 
which  the  Hocietj  owes  its  existence.     Of  these,  some  are  the 


Fig.  112.— Vertical  Becliou  of  the  Wup'i  Sett. 

nai-gatherei^,  which  go  ahroad  to  collect  the  food  and  the 
mattirialR  for  the  construction  of  the  comb ;  to  others,  called 
nurses,  is  assigned  the  task  of  watching  over  the  young. 

The  working  bee  Ibr  collectiDE  the  wax  enters  a  Hower,  the 
Btamens  of  which  are  loaded  with  pollen.  Thia  dust  attaches 
itself  to  the  brush-like  hairs  covering  the  body  of  the  bee, 
when,  by  rubbing  itself  with  the  brushes  with  which  the 
tarai  are  furnished  (Fig.  113),  the  insect  collects  it  into  little 
parcels,  which  it  places  on  small  palettes,  hollowed  out  on 
the  surface  of  its  hind  limbs  {Big-  114).  By  the  aid  of 
mandibles  the  working  bees  also  detach  from  the  surface  of 


plnntfi  a  resinonH  matter  called  propolU,  and  with  it  the; 
also  charge  their  little  baskets.  Thus  loaded  the  bees  return 
to  deposit  in  the  interior  of  the  hive  the  materiuls  they  have 
collected,  to  set  out  again  in  quest  of  more.  The  labour  in 
the  interior  of  the  hive  is  more  complex.  They  begin  by 
closing  with  the  propolis  every  fissure  in  the  habitation,  leav- 
ing but  oneopening,  of  no  great  dimensiona.  Theynext  pro- 
ceed to  the  formation  of  the  comb  intended  to  lodge  the  young, 
and  to  serve  as  store-cells  for  the  provisions  of  the  comrou- 
nity.  The  coinh  is  made  of  wax,  found  in  various  plants, 
but  which  is  also  secreted  by  the  bees  themselves  in  organs 
situated  under  the  abdominal  rings.  These  combs,  or  rows, 
are  composed  of  two  layers  of  hexagonal  cells,  with  a  pjca- 
midal  base,  and  suspended  perpendicularly  by  one  of  their 
sides.  Smpty  spaces  are  left  between  them,  to  permit  of  the 
bees  reaching  eveiy  part.  Thecelb  are  aiTangeilliorizon tally, 
and  are  open  at.  ore  of  their  extremities ;  they  ate  all  of 
nearly  the  same  dimensions,  but  some  few  are  called  royal, 
being  much  larger  than  the  others,  almost  uylindrical,  and 
are  dcBtined  to  contain  the  female  larvte. 

Bees  enclose  with  a  covering  of  wax  the  cells  containing  the 
honey,  and  thej  take  means  to  strengtiien  the  combs  when 
any  accident  threatens  their  safety.  The  malex  do  not  share 
in  these  labours,  and  when  they  are  no  longer  of  any  use  to 
the  community,  the  working  bees  sting  them  to  death.  This 
carnage  takes  place  between  June  and  August,  and  it  extends 
even  to  the  larvae  and  nymphse  of  the  males. 


Fig.  119.— Wotldng  Bee.  Fig. 

The  female  does  no  work;  she  is  always  pampered  and 
attended  to  with  the  utmost  care  by  the  rest  of  the  hive. 
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From  the  time  she  begins  to  lay  eggs,  she  becomes  for  the 
whote  colony  an  object  of  the  utmost  respect,  and  she  per- 
mits no  rival  in  the  hive.     Should  one  accidentally  appear, 
a  mortal  combat  ensues,  which  terminates  fatally  for  one,  the 
other  remaining  sovereign  of  the  hive.     So  long  as  she  is 
shut  up  in  her  habitation  she  lays  no  eggs ;  but  should  fine 
weather  appear,  she  leaves  the  cell  and  the  hive  a  few  days 
after  her  birl^,  and  ascends  in  the  air  out  of  sight  with  the 
males.    But  she  soon  returns  to  the  hive,  and  commences 
laying  eggs  forty- six  houi*s  afterwards.     These  eggs  she  de- 
posits in  cells  already  prepared  for  their  use.     During  the 
first  summer  these  eggs  are  not  numerous,  and  they  become 
merely  working  bees.     During  winter  she  ceases  to  lay  eggs, 
but  so  soon  as  spiing-time  returns   her  fecundity  becomes 
extreme,  and  in  three  weeks  she  lays  more  than  twelve  thou- 
sand eggs.     Towards  the  eleventh  month  of  her  existence  she 
begins  to  lay  eggs  which  produce  the  bourdons,  or  males, 
along  A\dth  others  which  belong  to  the  working  class ;  those 
of  the  female  come  a  little  later.     In  three  or  four  days  a^r 
the  laying,  the  eggs  are  fully  hatched,  and  there  comes  forth 
a  little  larva  of  a  whitish  colour,  which,  having  no  feet,  is 
quite  helpless ;  but  the  working  bees  provide  amply  for  it, 
and  -furnish  it  with  a  sort  of  houillie,  oi  which  the  qualities 
vary  with  the  age  and  sex  of  the  individual  for  which  it  is 
intended ;  and  at  the  moment  of  the  transformation  of  the 
larva  into  a  nymph,  they  shut  it  into  its  cell,  closing  it  in 
with  a.  covering  of  wax.     Five  days  after  the  birth  of  the 
larva  of  a  working  bee,  its  nurses  enclose  it  thus  in  its  cell. 
It  now  spins  around  its  body  a  web  of  silk,  and  at  the  end  of 
three  days  changes  into  a  nymph.     Finally,  after  having 
remained  under  this  form  during  seven  days  and  a  half,  it 
undergoes  its  last  metamorphosis.    The  males  do  not  attain 
their  perfect  state  before  the  twenty-first  day  from  the  birth 
of  the  larva,  whilst  the  females  imdergo  their  last  metamor- 
phoses on  the  thirteenth  day.     By  varying  the  food  given  to 
the  larv8B,  the  working  Uees,  or  nurses,  can  change  them  from 
working  bees  or  neutrals  into  females  or  queens.     Should  the 
queen  bee  be  lost,  the  working  bees  immediately  set  to  work  , 
and  break  down  several  ordinary  cells  to  convert  them  into  a 
royal  cell.     The  larva  of  one  of  these  cells  is  now  fed  so  as  to 
become  a  queen  bee.     When  a  young  queen  bee  has  finished 
its  metamorphosis,  and  gnawed  through  the  covering  of  the 
cell,  a  great  agitation  may  be  observed  in  the  hive.    On  one 
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side  may  be  seen  working  bees,  which  strive,  as  it  were,  to  retain 
her  in  the  royal  cell  by  shutting  up  all  access  to  it;  on  the  other 
hand  may  be  seen  the  old  queen  bee  approaching  to  endeavour 
to  destroy  her,  in  which  attempt  she  is  obstructed  by  hosts  of 
working  bees,  which  endeavour  to  obstruct  her  progress,  but 
make  no  attack  on  her.  At  last,  as  if  in  a  passion,  she  quit« 
the  hive,  and  with  her  the  greater  part  of  the  working  bees 
and  males  over  whom  she  presided.  The  young  bees,  too 
feeble  to  leave,  remain  with  the  young  queen  bee,  which  now 
becomes  the  sovereign  of  a  new  colony,  occupying  the  seat  of 
the  original  one.  The  hive  which  has  left  with  the  old  queen 
remain  together,  and  form  a  new  society,  which,  recommencing 
again  all  the  labours  we  have  just  described,  furnishes,  after 
a  certain  time,  a  second  swarm,  whose  emigration  is  deter- 
mined by  the  same  causes  as  those  which  gave  rise  to  the 
first.  A  hive  gives  off  several  swarms  during  a  season,  but 
the  last  are  always  feeble.  The  colony  sometimes  breaks  up 
on  the  death  of  the  queen  bee,  the  attacks  of  enemies,  or  the 
weakness  of  the  swarm;  but  the  bees  thus  dispersed  seek 
shelter  in  other  hives,  where  they  are  uniformly  destroyed  by 
the  proprietors  of  the  hive,  for  no  strange  bee  is  admitted  into 
a  hive  in  which  it  was  not  born.  Sometimes,  also,  a  whole 
colony  attacks  another,  and  robs  it  of  its  stores  of  provisions. 
§  833.  This  pillaging  instinct  on  the  part  of  bees  resembles 
what  we  find  takes  place  in  some  other  insects,  but  which  is 
manifested  in  a  different  manner.  Animals  of  a  different 
species  are  captured  and  reduced  to  slavery.  The  natural 
history  of  ants  gives  us  the  example. 

These  interesting  insects  live  in  colonies,  composed  of  males, 
females,  and  labourers.  These  latter  are  steriles,  or  neutrals : 
they  do  all  the  necessary  work,  and  are  provided  with  strong 
mandibles,  a  large  head,  but  are  without  wings.  Thus  they 
may  be  known  from  the  other  ants.  Each  species  has  its 
own  mode  of  procedure.  Some  build  their  houses  in  earth ; 
others  in  wood.  The  first  dig  in  the  soil  a  number  of  gal- 
leries, disposed  in  floors.  The  d^hrik  rejected  forms  a  hillock, 
in  which  the  indefatigable  ants  construct  other  dwellings,  also 
in  floors  or  stages;  but  sometimes,  with  the  earth  thus  thrown 
out,  they  construct  galleries  along  branches  of  trees.  The 
ants  which  establish  their  dwellings  in  trees,  attach  them- 
selves to  one  going  into  decay,  and  already  attacked  by  other 
insects.  With  their  mandibles  they  vigorously  assail  the 
timber,  forming  it  into  galleries  and  dwellings,  and  supporting 


OF  THE   INTELLIG-ENCB  AND  OF  INSTINCT.  171 

these  galleries  with  columns  wherever  they  may  he  required. 
Should  any  accident  happen  by  the  falling  of  these  beams, 
the  working  ants  hasten  to  repair  the  damage,  to  drag  their 
comrades  from  under  the  ruins,  and  to  place  them  in  a  secure 
quarter.   The  males  and  females  take  no  part  in  these  labours. 
The  first  remain  but  a  short  time  in  the  hillock,  and  perish 
shortly  after  leaving.     The  females,  which  have  left  with  the 
males,  after  losing  their  wings,  are  brought  back  to  the  ant- 
hillock  by  the  working  ants,  placed  in  retired  cells,  wh^re 
they  remain  prisoners,  being  all  the  time  carefully  fed  and 
attended  to  by  the  labourers.     So  soon  as  they  have  laid  an 
egg,  it  is  laid  hold  of,  and  removed  to  a  separate  apartment  or 
cell,  each  to  its  own  ;--"the  egg  which  is  to  give  origin  to  a 
female  to  its  own  cell,  and  that  which  in  time  will  produce  a 
labourer,   to   its  particular  dwelling-place.     The  larvae  are 
attended  and  fed  with  the  greatest  care  with  their  appropriate 
food,  and  carried  out  in  fine  weather  to  bask  in  the  sun. 
Whilst  so  exposed  they  are  defended  from  their  enemies,  and 
carried  back  m  the  evening  to  their  cells,  which  are  kept  in 
the  very  best  order.    Ants  lay  in  no  stock  of  provisions,  but 
•  seek  day  by  day  what  they  require.     Whilst  some  are  occu- 
pied with  the  care  of  the  buildings,  others  proceed  in  quest  of 
food.     They  attack  the  pucerons,  which  on  being  pressed  by 
the  feet  of  the  ant,  give  out  a  drop  of  sweet  liquid,  which  the 
ant  carries  off.   But  some  are  not  content  with  this,  but  carry 
with  them  the  insect  {puceron)  to  the  hillock,  and  retain  them 
there,  as  £a,rmers  do  milch-cows.     Two  neighbouring  or  rival 
hillocks  have  been  seen  to  fight  for  the  possession  of  these 
pucerons,  and  the  conquerors  have  been  seen  to  carry  off  their 
prisoners  with  the  same  care  that  they  bestow  on  their  own 
larvsB.  Finally,  that  which  is  most  singular  in  the  history  of  the 
ant,  is  still  to  be  told.    These  industrious  labourers  seem  occa- 
sionally to  get  tired  of  their  labours,  as  if  they  wished  to  enjoy 
a  little  repose.    In  this  case  they  make  war  on  feebler  species, 
to  procure  the  lai'vse  and  the  nymphs,  transport  them  to  their 
hillock,  and  charge  the  slaves  they  have  thus  procured  with 
all  the  labours  of  the  community. 

§  334.  The  instinct  of  society  is  in  some  animals  united 
to  another  natural  tendency,  less  striking,  but  perhaps  of 
more  importance  to  man;  we  allude  to  the  disposition  to 
obedience  in  a  whole  flock  to  obey  a  chief,  and  which  seems 
connected  with  the  instinct  of  imitation.  This  instinct  is 
remarkable  in  the  horse  and  in  apes. 


ITS  zooLooT. 

§  336.  Facultiet  of  the  Underttattding  in  Animal*. — 
Instinct,  no  doubt,  is  the  det«rnmi{Tig  cause  of  most  of  the 
actions  of  animals,  properly  so  called;  but  some  of  them 
aeem  to  poasess  a  certain  amount  of  memory,  judgment,  and 
even  the  faculty  of  eatablishing  certain  reasoninge  but  little 
complicated. 

The  faculty  of  memory  it  obviougly  possessed  by  many 
animals ;  the  horse,  the  dog-,  the  elephant,  retnembei-  kin  J- 
nesses,  and  are  not  forgetful  of  ill-treatment.  Even  fishes 
seem  to  have  this  faculty,  for  eels  have  been  taught  to  recc^- 
nise  the  voice  of  their  keeper.     . 

§  336.  It  is  even  impossible  to  deny  reasoning  powers  to 
iome  animals.  Thus,  the  dog  confined  in  a  wooden  cage  wilt 
continue  to  attack  liie  bars,  evidently  hoping  to  destroy 
them ;  but  he  speedily  ceases 
to  attack  them  if  made  of  iron. 
When  the  dog  sees  hia  master 
take  his  hat,  ha  prepares  him- 
self for  the  journey,  evidently 
anUcipating  what  will,  or  may, 
happen ;  nor  can  we  ascribe  to 
any  other  faculty  but  that  of 
reason  the  conduct  of  the  watch- 


ing for  the  fields  attacked  and 
slaughtered  the  sheep;  return- 
ing after  the  butchery,  he 
washed  from  hia  mouth  and 
.  throat  the  proo&  of  his  guilt, 
andreachedniB  home, replacing 
the  collar,  and  lying  down  on 
the  straw,  reposine  as  if  no- 
thing had  happened. 

A  still  higher  devebpmentof 
this  faculty  appears  to  eiiat  in 
the  onin  and  chijnpana^.  A 
young  one  of  each  of  these 
species  (Fig.  115}  attached 
Kg.  115.— Chimpuit*.  itself  to  the  keeper,  and   as- 

sumed on  a  variety  of  ocoa- 
uons  ^1  the  habits  of  a  child.  It  reached  by  means  of  a  chair 
the  lock  which  secured  it  in  its  cage;  on  this  being  removed 
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by  the  keeper,  the  chimpanze  put  another  chair  in  its  place. 
In  this  action  we  see  not  only  the  power  of  acquiring  know- 
ledge by  experience,  but  also  the  ability  to  generalize. 

§  337.  In  this  approach  to  human  intelligence  in  the  lower 
animals,  the  quadrumana  and  camivora  are  foremost;*  after 
these  come  the  pachydermata,  as  the  elephant  and  horse; 
next,  the  ruminants ;  last  of  all  the  mammals,  the  rodents, 
as  the  beaver,  squirrel,  &c.  The  squirrel  cannot  be  taught 
to  recognise  its  own  master;  the  ruminant  recognises  its 
master,  but  a  change  of  clothes  is  sufficient  to  make  it  mis- 
take him  for  a  stranger.  Thus,  a  bison,  in  **  the  Garden," 
obeyed  perfectly  its  master,  until  he  happened  to  change  his 
clothes,  when  it  attacked  him  impetuously;  on  assuming  his 
former  dress,  the  bison  again  recognised  him  as  its  master. 
Two  rams  living  together  in  harmony,  will,  on  being  shorn, 
attack  each  other  as  if  they  were  perfect  strangers.  The 
sagacity  of  the  dog  and  elephant  is  well  known ;  so  also  is 
that  of  the  ape,  but  this  is  confined  as  regards  it  to  youth, 
for  with  age  it  progresses  not,  but  often  becomes  morose 
and  savage. 

§  338.  Some  animals  possess  the  power  of  intercommu- 
nication, by  means  of  which  they  express  what  they  feel,  and 
mdke  their  feelings  known  to  their  comrades.  Thus,  certain 
mammals  and  birds,  which  live  in  groups,  sometimes  place  a 
sentinel,  which  by  peculiar  cries  warns  the  troop  of  the 
approach  of  danger :  the  marmots  and  the  flamingo  do  this ; 
swallows  seem  also  to  have  the  power,  by  a  peculiar  cry,  of 
collecting  together  for  mutual  defence  all  the  neighbouring 
swallows,  more  especially  when  there  is  danger  to  theiF 
young ;  and  the  observations  made  on  bees  by  Huber,  La- 
treille,  and  other  naturalists,  leave  little  doubt  that  these 
insects  have  the  power  of  intercommunication. 

This  is  seemingly  not  effected  by  any  sound,  but  by  touch- 
ing each  other  with  their  heads  and  antennae,  and  on  this 
being  done,  thousands  will  crowd  to  the  point  of  danger.  In 
the  obstinate  wars  which  one  colony  of  ants  will  sometimes 
carry  on  against  another,  individual  ants  have  been  seen  thus 
to  give  such  signals  as  to  change  the  route  of  a  whole  army; 
and  observers  worthy  of  every  credit  assure  us,  that  indi- 
vidual ants  have  been  seen  to  quit  the  main  body,  and  repair- 
ing to  the  hillock,  return  with  strong  reinforcements. 

*  No  aninud  lower  than  man  seems  to  me  to  possess  the  faculty  of  gene- 
ralization.— B.  K. 
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§  339.  But' if  the  faculties  we  have  spoken  of  explain  more 
or  less  satisfactorily  the  actions  of  man  and  animals,  there 
are  others  which,  in  the  existing  state  of  our  knowledge, 
admit  of  no  explanation,  and  which  lead  us  to  suppose  that 
Huch  animals  possess  organs  of  sense  of  a  kind  unknown  to 
us.  Neither  instinct  nor  intelligence  can  explain  the  coiu*se 
of  the  swallow  and  carrier-pigeon,  transported  hundreds  of 
miles  from  their  locality,  towards  which  they  fly,  when  let 
loose,  in  a  line  as  straight  as  if  it  lay  before  their  eyes.  The 
dog  and  horse  seem  to  retrace  their  course,  when  lost, 
by  the  ordinaiy  senses ;  but  this  cannot  be  the  case  with  the 
camer-pigeon  flying  in  a  straight  line  from  Bordeaux  to 
Brussels. 

§  340.  Selations  between  the  Intellect  and  the  Brain. — 
We  Know  nothing  of  the  cause  why  certain  intellectual  and 
instinctive  faculties  are  present  or  absent  in  certain  animals, 
nor  of  the  mechanism  by  means  of  which  these  faculties  are  exer- 
cised ;  all  we  know  is,  that  it  is  by  means  of  the  nervous  system 
that  all  these  £Eiculties  are  ei^ercised.  When  the  action  of  the 
brain  is  suspended,  we  lose  the  consciousness  of  our  existence, 
and  with  it  all  the  intellectual  faculties ;  the  organic  life  then 
alone  remains :  thus  the  brain  is  proved  to  be  the  organ 
of  all  intellectuality,  and  the  centre  of  "  the  life  of  relatidn." 
Since  nothing  is  known  us  to  the  nature  of  thought,  we  are 
of  necessity  compelled  to  refer  it  to  an  immortal  principle  in 
man,  called  the  soul ;  in  other  animals,  the  vital  principle  in 
them  seems  to  take  its  place. 

§  341.  The  brain  being  admitted  to  be  the  instrument  by 
which  the  intellectual  faculties  ai-e  exercised,  it  is  natural 
to  suppose  that  its  structure,  or  at  least  its  structural  ar- 
rangements, will  be  modified  in  difierent  animals ;  and  this  is 
what  we  find  takes  place. 

§  342.  Generally  speaking,  the  power  of  an  organ,  all 
things  being  equal,  is  m  the  direct  ratio  of  its  bulk  ;  and  to 
a  certain  extent  this  holds  true,  when  we  compare  the  brain 
of  man  with  the  quadrumana,  carnivora,  and  rodents ;  in 
fishes,  animals  low  in  the  intellectual  scale,  the  brain  is  com- 
paratively very  small  and  simple. 

This  led  to  the  idea,  that  the  amount  of  intelligence  in 
man  and  animals  might  be  measured  by  the  size  of  the  brain, 
and  the  facial  angle,  invented  by  Camper^  was  used  with  this 
view.  [It  is  calculated  to  show  the  relative  size  of  the  cranium 
as  compared  with  the  face ;  but  Camper  did  not  employ  it 
with  this  view. — R.  K.] 
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Pig.  116. 


A  horiz(Mital  line  (c  d,  Fig.  116)  is  represented  as  passinff 
by  the  auditory  canal  and  floor  of  the  nasal  fossae ;  a  seoona 
line,  b  a,  is  let  fall  on  the  first 
so  as  to  intersect  it ;  the  angle 
formed  at  the  point  where  these 
lines  intersect  each  other  will  be 
found  to  measure,  by  its  approach 
to  a  right  or  an  obtuse  angle, 
the  development  of  the  cranium 
anteriorly,  as  compared  with  the  " 
size  and  protrusion  of  the  face. 
The  angle  is  called  the  facial 
angle  of  Camjier. 

In  the  antique  busts,  and  in 
some  living  heads,  this  angle  amounts  to  a  riffht  angle; 
but  in  most  European  crania,  it  does  not  exceed  80^  (Fig.  116); 
in  negi*oes,    about   70°  (Fig.  ^ 

117) ;  in  various  kinds  of  apes, 
from  65°  to  30°  (Fig.  118) ;  in 
the  lower  mammals  it  becomes 
still  more  acute,  as  may  be 
seen  by  referring  to  Fig.  119 ;  ^ 
finally,  in  birds,  reptiles,  and 
fishes,  it  becomes  still  more 
acute  than  in  mammals. 

This  coincidence  between  the  ^ 
inclination  of  the  facial  angle 
and  the  intellectual  faculties,  did  not  escape  the  ancient 
sculptors;  and  they  even  exaggerated  the  angle  in  some 
of  their  busts. 


—  d 


Fig.  117. 


Fig.  118.— Cranium  of  the 
Macaque. 


Fig.  119.— Cranium  of  the  Wild 
Boar. 


But  it  is  not  safe,  in  a  scientific  point  of  view,  to  attach 
much  importance  to  such  measurements,  for  the  presence  of 
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tie  frontal  ainusee,  so  large  in  many  animals,  as  in  the  owl 
and  elephant,  and  even  in  man  himself,  may  lead  to  grave 
errorsin  respect  of  that  which  is  really  aimed  at, — namely,  to 
discover  the  ratio  of  the  area  of  the  cerebral  cavity  to  that  of 
\!beface;  and  hy  inference,  the  relative  bim  ofthe  brwn,  or  of 
all  the  central  organs  situated  within  the  head,  to  the  capacity 
of  the  cavities  for  containing  the  organs  of  sense. — B.  K. 

§  343.  Daily  observation  shows  how  variously  the  intel- 
lectual faculties  of  individnals  are  modified :  to  some  are 
g^ven  a   hriliiant  imagination ;   to  others,   great   powers   of 


calculation:  with  some,  generalization  is  easy;  with  others, 
difficult  or  impossible.  The  senses  also  are  quit*  distinct  in 
these  respectti ;  and  hence,  in  all  ages,  attempts  have  been 

*  VerUaJ  Hctujn  at  the  en 

within.    llHideB  Bhowing  the  an _ _  .. . 

irracn.tbeeectiaaiBBTBlaHbleDnBiplivaiuloeEcHlly  1  itenHbLei 
compin  the  areo  of  the  eerebral  sod  cf  rebellir  ovitiea  with 

..(ace.oratleMtoflhonpperjswi  IbBrelmtionlhereftireiihioh 

th«  pptwphalon  has  to  the  organa  of  aeoae.  It  diaplaja  alao  the  poeition  of. 
the  brain  to  the  fac?)  pharynx,  and  vertebral  coJumn,  although  these  Jaat  are 
not  preamt  in  the  figure.— d,  the  oeuoua  palate  i  e,  inferior  meatnt  of  the 
oofltrila ;  HI,  middle  mealuB  i  I,  a  portioD  of  the  pe^iendicvlar  lamina  of  the 

Iw>h<v1ii4  nf  flu*  miilHlH  Tuemogea)  artnr;  ft,  poaterior  ctinaid  proceaoea: 

•e  for  the  kft  fatenl  linui ;  >,  ia  pWeS  near  the 

'-loid  proceaft  of  the  temporal  bone.^ 
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made  to  discover  in  the  form  of  the  head,  physical  characters 
by  which  these  various  modifications  might  be  detected  and 
foretold.  This  led  to  the  theory,  that  the  brain  is  not  exactly 
one  organ,  but  an  assemblage  of  many,  to  each  of  which  was 
aligned  its  own  functions,  its  own  share  in  the  phenomena 
of  the  intellectual  and  social  life  of  man.  On  this  doctrine 
was  founded  the  celebrated  phrenological  doctrine  of  Gall, 
who  endeavoured,  by  the  inspection  of  the  cranium,  to  decide 
on  human  character.  Certain  singular  facts  and  coincidences 
appeared  to  favour  this  doctrine  of  the  localization  of  the 
human  intellectual  faculties,  but  others  equally  remarkable 
are  quite  opposed  to  it. 

With  regard  to  the  instinctive  faculties,  which  are  so 
remarkable  in  some  of  the  lowest  animals,  no  relation  can  be 
discovered  between  these  faculties  and  the  conformation  ol 
their  nervous  systems,  calculated  in  any  way  to  explain  the 
phenomena;  nor  is  it  possible  to  admit,  that  were  such 
relations  traced  to  certain  structures  in  vertebral  animals,  as 
the  swallow,  the  beaver,  &c.  (which  has  not  been  done),  the 
same  would  apply  to  the  invertebrate  kingdom,  equally,  if  not 
more  singularly  provided  with  instinctive  faculties,  and  in 
which  the  central  organs  of  the  nervous  system,  the  brain 
and  spinal  marrow,  are  represented  by  a  chain  of  ganglions. 


The  following  observations,  taken  from  my  Manual  of 
Human  Anatomy,  will  explain,  though  very  briefly,  to  the 
student,  what  has  been  done  subsequently  to  the  time  of 
Camper  on  this  difficult  question.  I  have  not  alluded  to 
the  memoir  of  my  most  distinguished  friend  Tiedeman,  who 
endeavoured  to  decide  the  same  question  by  filling  the 
interior  of  the  skull  with  fine  sand,  and  comparing  the  results 
derived  from  the  admeasurements  of  different  races  of  men. 

"  This  is  a  psychological  question  not  as  yet  decided  on. 

Attempts  have  been  made  in  various  ways  to  arrive  at 
some  approximation  as  to  the  mere  facts,  independent  of 
all  theory,  but  even  these  have  not  been  very  successful. 
The  first  proposal  was  the  method  of  Camper,  hence  called 
Oamper's  ^ial  angle;  a  mere  artistic  view,  leading  to  no 
irnportant  results.  Next  followed  the  vertical  view  of 
;Olu.menbaeh ;  then  the  basial ;  lastly,  the  vertical,  proposed 
by  Cuvier,  in  which  the  cranium  and  face  are  divided 
vertically   with   a  saw  into  two  equal  parts.     Gerdy  has 
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hIiowd  that  Camper's  views  have  been  wholly  midtaken  lij 
nearly    all   Buhsequent    writers.      These    are    physipl<^cal 

Juestions,  connected  more  with  philosophic  and  traascen* 
entat  anatomy  than  with  the  deiicriptiTe  anatomy  of  ndnlt 
man,  the  main  object  of  this  worit."* 


Fig.  119e.— Fmflle  or  Negro,  Europnn,  and  OnuiOutim. 
>pied  from  the  Uanual  qf  Sittan  d«alomy,  bj  Dr.  Kdoi.     I 
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CONFORMATION,  CLASSIFICATION,  AND  GEOGRAPHICAL 
DISTRIBUTION  OF  ANIMALS. 


CONSIDEEATION    OF     THE    GENEEAL    PLAN     FOLLOWED    BY 
NATUEE  IN  THE  OEGANIZATION  OF  ANIMALS. 

§  344.  The  object  of  the  present  section  is  to  examine  the 
plan  agreeable  to  which  each  animal  is  formed,  and  to  observe 
how  life  is  modified  in  the  various  classes  of  these  beings. 

§  345.  Nothing  is  more  varied  than  the  conformation  of 
the  various  animals  which  people  the  surface  of  the  earth ; 
and  there  exists  no  less  diversity  in  the  various  acts  by  which 
life  is  manifested  in  these  animal  machines.  In  some  the 
functions  are  few,  and  the  sphere  of  their  physiological 
activity  very  restricted ;  in  others  the  faculties  are  extremely 
varied,  and  their  actions  multiplied  in  the  highest  degree ; 
and  to  express  this  difference  in  the  nature  of  animals,  it  is 
usual  to  say  that  some  are  more  elevated,  more  perfect,  than 
others.  In  this  way  and  in  this  view  we  say  that  a  fish  is 
more  elevated  in  the  animal  scale  than^  an  oyster ;  a  dog 
more  than  a  fish ;  a  man  more  so  than'  the  dog. 

L346.  Tendency  to  the  Localization  of  Functions,  and 
Division  of  the  Physiological  Phenomena. — The  prin- 
ciple which  nature  seems  to  have  adopted  in  the  perfecting 
of  animals,  is  one  which  has  been  found  to  exercise  the  most 
beneficial  influence  over  human  progress ;  it  is,  the  division 
of  labour,  Thus,-when  we  compare  animals  with  each  other, 
differing  in  the  number  and  extent  of  their  faculties,  we  shall 
find  that  the  perfecting  of  these  beings  coincides  with  a 
localization  more  and  more  marked  in  their  functions :  when 
the  same  instrument  serves  for  the  production  of  several 
phenomena,  the  physiological  result  is,  as  it  were,  gross  and 
imperfect ;  and  an  organ  always  performs  its  part  better  as  it 
is  more  specialized.  Now  the  mode  of  action  of  an  organ  or 
instrument,  in  the  sense  we  allude  to.  depends  always  on  its 
intimate  nature,  or  its  structure,  and  otner  qualities ;   and 

n2 


consequentlj,  tlie  more  organs  there  are  endowed  with 
peculiar  or  specifio  kinds  of  activity,  differing  &om  each 
other,  the  more  ntiineroas  will  be  the  namber  of  dissimilar 
parts  in  the  animal  economy ;  and  the  compbcation  more 
or  less  great  in  the  acts  and  faculties  of  animala  must 
proceed,  pari  paav,  with  the  natural  complication  of  their 
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§  347.  Thus  in  those  animals  in  which  the  faculties  e 
the  most  limited,  and  in  which  life  exhibits  itself  in 
simplest  form,  the  bodj  presents  everywhere  the  eai 
structure.  There  is  in  lact  a  seeming  identity  of  organizati 
throughout,  Every  part  of  the  hody  performs  the  sai 
functions  as  the  neighboi 
«  parte.     If  divided  into  seg- 

ments, each  part  lives,  and 
becomes  an  independent  ani- 
mal as  complete  as  that  from 
which  it  was  violently  sepn- 

The  fresh  wafer  polyp  or 
hj'dra  is  an  animal  of  this 
kind.  By  mutilation  it  ie 
multiplied  instead  of  being 
destroyed.  We  owe  the  dis- 
covery of  these  cwions  facts 
to  Trembliiy,  a  Swiss  natn- 
rulist  of  the  last  century. 

The  simplicity  of  the  orga- 
nization of  these  animals  can 
only  be  demonstrated  by  the 
•  .     microscope,  under  which  the 

Fig.  130.— H^dn.*  Substance  of  their  hody  ap- 

pears throughout  ideuticiQ; 
it  is  composed  of  a  gelatinous  mass,  enclosing  fibrils  and 
globules  extremely  minute.  Now  identity  of  structure  would 
imply  identity  of  function,  and  the  experiments  of  Trembley 
proved  the  correctness  of  the  inference. 

*  In  figure  120  MTenl  po1fp«  sre  represenlcd  h  KtUuhed  la  wM«r- 
IfiQtiJs,  d  i  they  canBiflt  of  a  aingie  gcLAtinoua  tube^  open  at  uDB  of  ita 
Sltremities,  and  fimishsd  nitll  >  circle  of  filaiuenla  csU^d  tenUcuU,  bj 
mortis  of  which  thcj  inLrodnce  into  th«r  bodies  Uifi  food  thej  reqoire.  Olrt 
of  tbesepolTpB,  £,cam«l  on  tlie  didcfl  ofita  body  two  HraAll  on«  which  Bprivc 
Item  it,  ind  will  soon  be  detKhed,    Id  FIk.  3(p.  IB)  ma;  be  seen  one  of  IhcK 
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§  348«  But  as  we  asoend  in  the  scale,  we  find  that  this 
simplicity  of  structure  is  confined  to  a  very  lew  species,  and 
that  the  functions  become  more  and  more  localized  and 
specialized ;  and,  with  this  specialization,  more  and  more 
vaj^ied  and  perfect. 

A  first  degree  in  this  localization  of  physiological 
phenomena,  is  found  in  the  earth-worm  (ItimbrictM  terrestris), 
whose  body  offers  a  series  of  segments  of  identical  parts ;  that 
is,  in  each  segment  we  find  a  portion  of  the  alimentary  canal, 
nervous  system,  and  circulation;  but  these  segments  are 
identical,  or  repetitions  of  each  other,  presenting  no  special 
organ  on  which  life  in  a  peculiar  way  depends ;  and  thus,  if 
divided  into  five,  ten,  or  twenty  segments,  each  segment  will 
continue  to  live  and  become  an  independent  being. 

But,  for  obvious  reasons,  this  cannot  be  done  with  an 
animal  in  which  the  organs  have  become  so  specialized 
that  on  the  integrity  of  some  localized  distinct  segment, 
not  common  to  all,  the  general  vitality  of  the  being 
depends. 

§  349.  Already  in  insects  we  distinguish  a  more  considerable 
division  of  labour  in  resjpect  of  the  organs;  the  faculty  of 
perceiving  certain  sensations  and  of  producing  voluntary 
motions,  comes  to  be  concentrated  in  certain  nervous  ganglions 
lodged  in  the  head ;  this  concentration  of  functions  goes  on 
increasing  as  we  ascend,  and  embraces  nearly  the  whole  range 
of  the  animal  economy,  ascending  through  the  various 
animals  to  man  himself.  Now  it  must  be  obvious  that  the 
destruction  of  one  of  these  specialized  organs,  located  in  a 
single  segment  of  the  body,  and  all-important  to  life,  must 
entail  the  destruction  of  the  animal. 

§  350.  Organic  Transformations  and  Tendency  to  Uni- 
Jbrmity  of  Composition. — The  complication  in  structure  as 
we  ascend  in  the  scale  of  being,  takes  place  in  some  instances 
by  the  creation  of  organs  completely  new,  which  are  thus 
superadded  to  those  already  existing  in  the  lower  animals ; 
but  more  frequently  ihe  complication  is  effected  in  another, 
and,  as  it  would  seem,  a  much  more  economic,  way.  Thus, 
in  a  great  number  of  instances,  the  localization  of  the  func- 
tions is  determined  by  a  simple  modification  in  the  disposition 
of  parts  already  existing  in  the  lower  animals, — a  modification 
•  by  which  these  materials  are  adapted  to  the  special  purpose  or 
use,  and  not  to  a  general  one.  In  the  Molucca  crabs  (Limulse, 
Fig,  121),  the  limbs  of  the  cephalic  and  thoracic  portions  of  the 


body  immediately  surrouod  the  month,  and  are  so  conatinct«d 
aa  to  Ibrni  inatramenta  of  locomotion,  instruments  of  pre- 
hension by  their  free  extremities,  and  of  jaws  by  their  base ; 
but,  as  might  be  anticipated,  this  very  cumulation  of  func- 
tions rentiers  them  less  appropriate  for  the  advantageous 
performance  of  an;  special  function.  But  in  animals  of  the 
same  class  with  faculties  more  perfect,  these  different  func- 


Fig.  IM.— Limnlm.*  (MoImcb  Crab.) 

tions  are  no  longer  performed  by  one  and  the  same  oi^an  or 
instrument^  each  fimction  belongs  to  a  distinct  oi^an,  and 
yet  these  organs  are  still  the  same  limbs  or  members,  of 
which  some  are  eiolusively  destined  to  mastication,  others  to 
prehension,  and  others  to  locomotjon.  In  the  craw-fish  (&;re- 
visse).  or  lobster,  for  example  (Fig.  122),  the  limbs  snr- 
rouni^ng  the  mouth  are  eielusivdy  arranged  for  maatication; 
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another  pair,  unfitted  for  such  a  ftinction,  here  become  the 
special  organs  of  prehension ;  a  third  series  of  members  or 
limbs  is  devoted  to  locomotion  only,  and  of  these,  some  are 
used  only  in  swimming,  others  in  walking  on  the  firm 
ground. 

This  tendency  on  the  part  of  nature  to  appropriate  the 
same  part  of  the  animal  economy  to  different  fimctions, 
according  to  the  wants  of  the  animal,  rather  than  to  create 
for  each  species  parts  entirely  new,  reveals  itself  also  when 
we  compare  with  each  other,  species  destined  to  live  differently. 
Already  in  the  vertebrata  we  have  seen  how,  out  of  the  same 
elements,  nature  constructs  a  limb  or  arm,  an  instrument  of 
prehension  or  one  of  mere  locomotion  and  support,  a  fin  or 
wing  (§  200,  &c.).  Such  adaptations  are  no  less  curious  in 
insects,  to  which  we  shall  return ;  we  limit  ourselves  here  to 
the  remark,  that  anatomists  give  the  name  of  analoQueSy  or 
analog(ms  parts,  to  the  organs  which,  however  varied  may  be 
their  uses  in  the  economy,  are  yet  obviously  composed  of  the 
same  anatomical  elements. 

§  351.  It  is  in  general  by  means  of  such  transformations 
that  nature  varies  most  the  structure  of  animals.  She  seems 
to  have  been  desirous  of  producing  the  greatest  variety  pos- 
sible with  the  smallest  elementary  means  essentially  dif- 
ferent; and  to  have  had  recourse  to  the  creation  of  parts 
entirely  new,  only  after  having  exhausted  the  combinations  to 
which  parts  already  existing  in  other  organisms  could  lend 
themselves.  This  disposition  is  connected  with  another  ten- 
dency,— namely,  the  tendency  to  uniformity  of  the  organic 
composition,  it  would  be  absurd  to  assert  that  all  beings 
are  formed  upon  one  plan,  and  constructed  out  of  the  same 
materials;  but  if  we  examine  the  structure  of  one  of  the 
more  complex  organisms,  we  shall  find  that  the  lower  are 
characterized  by  a  modification  of  the  larger  features  of  the 
former,  by  an  omission  of  some  parts,  or  oy  the  existence  of 
organs  of  which  ihe  former  have  been  deprived.  A  frog>  for 
example,  differs  greatly  &om  man,  and  y.et  in  its  general 
outline  may  easily  be  traced  the  indications  of  the  plan 
upon  which  man  has  been  constructed.  When  the  entire 
animal  kingdom  is  contemplated,  it  becomes  impossible  to 
perceive  this  unity  of  plan  and  of  organization ;  but,  by  restrict- 
ing the  field  of  view,  it  becomes  evident  that,  notwithstanding 
the  immense  number  of  animals,  all  have  been  constructed 
upon  a  few  primitive  types.    Now,  it  is  by  the  consideration 


of  tlietie  priniitive  types  that  die  leading  divisuMU  of  tb« 
uiimal  kingdom  ore  established. 

§  362.  Satnra  nonfadt  laltum,  was  the  ancient  adi^: 
its  tratb  ii  exemplified  I^  the  histMrf  of  the  animal  kingdom. 


s:^^- 


Fig.  laa.— Cnw.fiih  or  Lobrtor,"  Fig,  1S3.— MirikiUorj-  Apjiantu. 

The  change  from  one  form  of  organization  to  another  is  neTer 
sudden,  bnt,  on  the  contrarj,  takes  place  graduallj,  and  as  it 
were  by  shades  of  difierenco. 


*  Fig.  131.  The  labMei  or  r: 

ibeccle ;  'i,  mudible  feet,  eitemol ;  f,  tl 


>vi)  il,>,/,llie  three; 


hi  o.mandiblMi    {,  t,  Brst 

rs  of  «iuili«ry  js««  or  foot.anndiblo*. 


feet  of  the  Aral  pajr  ;  g^ 
id  pkirg  of 
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It  were  taey  to  ^ve  maitf  iUustratioiiii  of  thU  fact :  two 
distinct  pUns  of  orgnnization  are  obvious  in  the  lizard  and 
the  aarp ;  they  differ  in  the  general  conformation  of  the  body, 
their  kind  of  life,  their  mode  of  respiration  and  circnlation ; 
but  the  salamaudera,  the  axolotU  (Fig.  124),  the  lepidosirens 


!4.— THE  AinloU. 


(Pig.  125),  and  some  other  animals,  present  ua  with  modes 
nf  orf^uization  intermediate  to  these  two  types,  and  establish 
transitions  no  gradual  from  one  to  the  other,  aa  to  make  it 
difficult  to  determine  whether  the  animal  in  question  be  a 
batrachian  or  a  fiflh.    These  transitions  from  one  animal  to 


I^g.  1!6.— Tlie  LepidDATBn. 


another  are  not  limited  to  the  compiring  of  two  disHnct 
adult  animaU ;  they  may  be  observed  in  comparing  the  same 
animal  at  different  st^s  of  its  growth  or  development. 
Frogs,  for  eiample,  present  at  birth  nearly  all  the  characte- 
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risticfii  of  a  fish,  acquiring  only,  as  they  grow  up,  those  of  the 
reptile  (Figs.  126  to  130). 

Now  these  transitory  states  of  the  same  individual  present 
frequently  a  remarkable  resemblance  to  the  permanent  condi- 
tion of  other  species  ;  and  hence  it  results  that  the  study  of 
these  zoological  transitions  conducts  us  not  only  to  a  know- 
ledge of  a  sort  of  parentage  or  relationship  between  animals 
with  forms  often  extremely  unlike,  but  presents  us  with  a 
philosophic  interest  of  a  higher  order,  for  it  seems  to  give  us 
some  ideas  of  the  course  followed  by  the  Creator  of  all  things 
in  the  formation  of  the  so  varied  products  of  the  animal 
kingdom, 

§  353.  Out  of  this  tendency  to  fill  up  all  links  in  the 
animal  kingdom,  there  arises  the  notion  of  a  series  or  chain 
of   animal  life,  each  form  graduating  as  it  were  into  that 


Fig.  126. 


Fig.  127. 


Fig.  128.  Fig.  129. 

Fig.  126  to  130.— Metamorphoses  of  the  Frog. 


Fig.  130. 


preceding  and  that  to  follow.  Sometimes,  however,  the  link 
seems  broken,  and  there  is  an  interruption  between  two  types, 
as  if  a  part  of  the  chain  were  lost  or  not  filled  in.  Birds,  for 
example,  seem  isolated ;  but,  generally,  the  deficient  link  or 
hiatus  may  be  found  in  the  fossil  remains  with  which  the 
globe  abounds — remains  of  animals,  species,  and  genera  which 
have  now  ceased  to  exist. 

Some  naturalists  have  thought  that  the  series  or  line  ha6 
always  been  one  uninterrupted  series  in  the  same  direc- 
tion, from  the  monad  up  to  man :  they  have  attempted  to 
establish  a  zoological  scale  with  these  views ;  but  this  effort 
has  failed,  for  the  series  of  animals  is  not  single.  Animals 
appear  rather  to  form  a  great  number  of  series,  which  seem 
sometimes  to  proceed  in  parallel  lines,  sometimes  to  diverge  and 
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rise  to  different  elevations.  It  is  even  impossible  to  arrange 
them  in  a  single  line  according  to  the  relative  degrees  of  com- 
plication and  of  perfection  introduced  by  nature  into  their 
structure,  for  these  'perfections  have  reference  sometimes  to 
one  organ  sometimes  to  another;  and  a  species  which,  in 
respect  of  the  functions  of  nutrition  for  example,  might  be 
much  superior  to  another,  may  yet  be  greatly  inferior  to  that 
species  in  the  organs  of  locomotion.  As  we  ascend,  it  is  true, 
in  the  animal  scale,  from  the  monad  to  man,  we  remark,  no^ 
doubt,  a  progressive  complication ;  and  it  is  easy  to  see  that  the 
moUusks  are  superior  to  the  zoophytes,  fishes  to  the  mollusks, 
reptiles  to  fishes,  and  birds  to  reptiles :  above  all  come  mam- 
mals. But  a  closer  observation  shows  that  this  gradation 
exists  only  between  the  animals  which  may  be  considered  as 
the  types  of  each  of  these  groups ;  and  it  often  happens  that 
certain  species  of  an  inferior  group  possess  a  structure  and 
faculties  more  perfect  than  the  lowest  species  of  a  group,  of 
which  the  chief  representatives  possess  an  organization  much 
more  complex  than  that  of  all  the  former.  Thus  there  are  fishes, 
as  certain  lampreys  for  example,  which  are  in  many  respects 
much  inferior  to  mollusks,  such  as  the  sepia,  but  these  in 
some  measure  are  exceptions ;  and  when  we  trace  with  a  bold 
outline  the  grand  picture  of  nature,  it  is  allowable  to  neglect 
these,  as  we  overlook  or  neglect  to  observe  the  lesser  in- 
equalities of  the  soil  when  we  desire  to  perceive  at  once  the 
general  configuration  of  a  chain  of  mountains.  More  serious 
obstacles  arise  to  the  linear  arrangement  of  animals,  from 
the  diversity  of  routes  followed  by  nature  in  her  ascending 
march,  and  from  her  tendency  to  perfect  gradually  each  of 
the  types  she  has  produced.  Thus  insects  can  neither  be 
placed  before  nor  after  the  mollusks  without  violating  some 
of  the  most  evident  zoological  relations ;  and  if  we  really 
desire  to  express  by  a  figure  the  relationship  of  animals,  it 
cannot  be  to  a  scale  or  ladder  to  which  the  animal  kingdom 
is  to  be  compared,  but  to  a  river,  which,  weak  at  its  source, 
increases  little  by  little  as  it  approaches  the  sea,  rolling  not 
&11  its  waters  in  the  same  bed,  but  dividing  often  into  branches 
more  or  less  numerous,  which,  sometimes  reuniting  after  a 
longer  or  shorter  course,  sometimes  remaining  from  that 
time  forward  distinct,  or  which  at  other  times  are  lost  in  the 
sands,  and  disap})ear  for  ever,  or  surging  up  once  more,  re- 
appear at  some  distance,  to  continue  their  route  towards  the 
common  goal. 
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§  364  NcUural  Affinities  and  Analogies  of  Strttcture, 
— This  tendency  of  nature  to  observe  one  general  plan  in  the 
construction  oi  her  works,  leads  to  another  sort  of  relation- 
ship which  naturalists  have  called  natural  affinities.  These 
affinities  are  always  the  stronger  that  they  bear  on  organs  of 
secondary  physiological  importance,  and  necessitate  less  change 


Fig.  130  a.— The  Human  Vertebra— the  Type  of  all  Skeletons. 

in  the  general  plan  of  the  organiza- 

•..^  M  tion.     Thus  it  is  obvious  that  the 

M         ^  lion,  cat,  and  tiger  h ave  strong  natu- 

,-..B...y''''  ral  affinities;  between  the  lion  and 

^'wW^  the  dog  there  still  exist  natural  affi- 

*"    -^n^L  nities, though  obviouslylessmarked; 

i^^jk.  but  between  the  lion  and  the  shark 

C:!^^^^-.'  they  are  extremely  feeble,  excepting 

iBi9^^^H#^HI^  "*  in  so  far  as  they  both  belong  to  the 

(^^^^^^S^  vertebrata;  finally,  between  a  fish 

^  0  ^  and  an  oyster  there  are  none»  inaa- 

,.--^^bm  much  as  these  two  beings  are  formed 

^M  on  plans  essentially  distinct. 

6-m2C>  §  355.  Between natwral  affinity 

H  and  analogy  there  is  this  essentia 

•' " '  ■  distinction,  —  affinities  are   based 

■  on  the  identity,  more  or  less  com- 

Fiff.  130 6.— The  Ideal  Verte-  plete,  of  the  type;  anal-ogies,  on  a 

^*<?f  5?^?^  ^y  ^PJ^^'S^®^  resemblance  in  the  detaOs.      Thus 
and  St.  Hilaire  as  the  Type    xi,        u  a     ^T?;«     oi  \      «    w>  i 

ofalistruoturei.  the    bat    (Jbig.   91),    a   mammal, 

pterodactyle,  a  reptile,  and  the 
dactyloptera  (89),  a  fish,  have  no  zoological  affinity,  pro- 
perly so  called,  excepting  that  they  are  veiiiebrate  auimals ; 
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but  they  have  remarkable  analogies,  being  all  organized 
for  fligtt,  by  having  expanriong  of  the  integuments  ex- 
tended,  on  fingers  prolonged  for  this  parpose.  Indeed,  in 
contemplating  and  companng  with  each  other  different  zoolo- 
gical groups,  it  wonld  seem  as  if  nature's  tendency  was 
to  cause  each  type  to  pass  through  a  series  of  analogous 
modifications.  Thus  amount  insects,  spiders,  and  Crustacea 
we  observe  the  general  plan  of  the  organization  modified 
in  the  same  way,  according  as  the  animal  is  intended  to  live 
on  solid  food,  or  as  a  parasite  by  sucking  the  juices  of  another 
being. 

§  366.  Organic  Harmonies, — ^In  the  midst  of  the  innu- 
merable variety  in  form  and  structure  which  the  animal  world 
presents,  may  be  observed  a  certain  general  harmony  which 
seems  to  regulate  all  the  parts  of  this  vast  creation ;  and  this 
principle  of  co-ordination  is  all  the  more  remarkable  if  we 
restrict  our  observation  to  the  entire  of  the  structures  com- 
posing a  single  animal.  Between  every  part  there  reigns  the 
strict^t  mutual  dependence,  so  as  to  for&d  all  idea  of  chance 
in  its  construction ;  all  are  in  the  strictest  accord.  Some  of 
these  harmonies  are  so  obvious  and  striking  that  the  natu- 
ralist may,  from  the  observation  of  a  single  organ — a  tooth 
for  example,  deduce  nearly  the  whole  natural  history  of  the 
animal,  iromthe  subjoined  figure  (Fig.  131) 
may  readily  be  inferred  that  the  animal  had 
a  skeleton,  a  cerebro-spinal  axis,  nerves, 
4&C.;  in  short,  that  it  was  a  hot-blooded 
mammal,  and  that  it  lived  on  flesh.  In 
fact,  from  this  single  organ  may  be  deduced 
nearly  the  whole  structure  of  this  carni- 
vorous mammal,  a  priori,  or  without  hav- 
ing ever  seen  it.  Proceeding  on  these 
principles  of  organic  harmonies,  the  true 
nature  of  the  fossil  organic  world  was  first  ^£voro"^Tooth*of 
discovered  by  Cuvier ;  he  it  was  who  first  the  Lion, 
applied  these  laws  to  fossils,  and  by  these 
means  effected  the  restoration  of  an  organic  world  long  since 
extinct. 

§  367.  In  studying  this  law  of  organic  harmony,  we 
soon  discover  another,  the  subordination  of  characters.  It 
becomes  evident  that  all  parts  of  the  animal  economy  have 
not  the  same  importance ;  that  certain  organs  may  undergo 
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important  modifications  without  afibcting  others,  whilst  there 
are  others  which,  when  modified  strongly,  afiect  the  character 
of  the  rest.  These  may  he  called  dominating  organs.  By 
these  organs  the  anatomist,  and  in  some  measure  the  naturalist, 
must  he  regulated  in  -  his  determinations.  By  the  fixity  or 
mobility  of  an  organ  he  determines  its  importance  in.  the 
economy, 

§  358.  Thei'e  are  other  principles  regulating  the  great 
work  of  creation,  on  which  want  of  space  forbids  us  to  dwell. 
The  tendency,  for  example,  to  repetition,  which  leads  to  the 
formation  of  homologous  parts ;  the  principle  of  connexion  of 
organs  regulating  the  place  pccupiea  by  each ;  a  tendency  to 
an  organic  balancement,  equipoise,  or  compensation;  when  the 
development  of  an  organ  acts  as  it  were  injuriously  upon 
others,  as  if  the  ainoimt  of  vital  force  were  restricted  and 
limited.  All  these  subjects  merit  consideration,  but  space  is 
wanting  to  do  them  justice.  Sufiicient  has  been  said  to  show 
that  nature  proceeds  always  by  rule  and  measure ;  and  that 
the  animal  kingdom,  so  far  from  being  a  confused  assemblage 
of  ill-assorted  bein&;s,  unfolds  itself  to  the  eyes  of  the  observer 
as  a  vast  picture,  where  all  harmonizes  knd  is  linked  together; 
finally,  that  the  zoological  laws  are  as  simple  as  they  are 
general.* 

ZOOLOGICAL   CLASSIFICATIONS. 

§  359.  Object  and  Nature  of  Zoological  Classifications. 
-^Man  naturally  groups  the  various  objects  around  him,  and 
he  gives  to  these  groups  a  different  name.  This  tendency  to 
classification  is  one  of  the  most  remarkable  of  our  faculties, 
and  powerfully  aids  in  facilitating  the  operations  of  the  mind; 
by  its  means  we  rise  from  the  individual  to  the  general,  and  thus 
form  generalizations  and  abstract  ideas.  It  is  seen  in  infancy, 
for  the  child  gives  instinctively  the  same  name  to  all  men 
that  he  gives  to  his  parent,  yet  he  does  not  confound  the  indi- 
viduals ;  and,  in  a  word,  it  may  be  said  that  this  tendency  to 
classify  extends  throughout  the  whole  range  of  our  intel- 
lectuality. 

This  necessity  to  reunite  in  our  minds  similar  objects,  and 
to  give  to  each  of  the  groups  thus  formed  an  ideal  repre- 
sentative, is  in  fact  the  basis  of  all  classification,  and  its 

*  See  on  this  subject  a  work  I  have  published,  under  the  title  of  Introduc- 
tion d  la  Zoologie  QSnSrale,  or,  Considerations  on  the  Tendencies  of  Nature 
in  the  Constitution  of  the  Animal  Kingdom. 
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uecessity  is  in  the  direct  ratio  of  the  niiimhcr  of  object» 
observed.  An  abstract  type  must  represent  every  group^ 
Thus  we  speak  of  man  in  general,  the  horse,  the  oak,  mean- 
ing no  man  in  particular,  no  horse,  no  oak;  and  to  thi& 
ideal  representative  we  give  the  name  of  man,  horse,  oaJc^ 
Bui/  we  do  not  stop  here.  G^^alizing  slill  hifi^her,  we  re- 
present by  the  word  bird  a  vast  group  of  living  beings ;  and 
the  terms  animal  or  plant  embrace  a.  still  higher  range  of 
generalization ;  and  thus,  from  the  remotest  antiq,uity,  men 
have  divided  all  natural  bodies  into  three  kingdoms,,  namely,, 
minerals,  vegetables,  and  animals ;  have  spoken  in  a  general 
way  of  fishes,  reptiles,  <&c. ;  and  have  given  to  each  species  a 
proper  name. 

§  360.  As  science  grew  in  its  dimensions,,  the  language  of 
naturalists  of  necessity  became  more  precise ;  for  without  a 
precise  definition  there  could  be  no  science.     To  write  the 
natural  history  of  animals,  it  became  necessary  not  only  to 
form  a  great  catalogue,  in  which  each  being  shoula  be  designated 
by  its  proper  name,  but  also  to  indicate  for  each  of  them  the 
characters  by  which  they  could  be  recognised  and  distinguished 
from  all  others.    Now  it  was  evident  that,  ^om  the  conforma- 
tion alone  of  these  beings  could  such  characters  be  drawn, 
those  alone  bein^  constant.     But  there  is  no  animal  which 
can  be  recognised  by  a  single  character,  but  by  a  reunion 
of  several — a  reunion  not  to  be  found  in  any  other.    But  the 
number  of  animals  being  immense,  the  definition  soon  de- 
generated into  a  description  of  the   animals,  to  which  no  | 
memory  was  equal ;    and  if  we   possess   not  the  means  of                r 
arriving  at  this  end  by  an  easier  route,  the  study  of  natural^               I 
history  would  for  ever  remain  in  its  infancy.   By  establishing               ' 
among  animals  divisions  and  successive  subdivisions,  which 
themselves  are  named  and  characterized,  a  great  part  of  this 
difficulty  is  overcome.     With  the  assistance  of  a  small  num- 
ber of  cnaracters  and  names,  we  so  circumscribe  the  field  of 
comparison,  that  to  distinguish  the  object  before  us  we  "have 
only  to  observe  its  differences  from  those  most  aUied  to  it. 

And  this,  in  fact,  is  what  naturalists  have  done.  They 
have  divided  the  animal  kingdom  into  a  certain  number  of 
^oaps  of  the  first  degree,  each  characterized  by  certain  pecu- 
liarities of  strtfctute.  They  next  divide  each  of  these  groups, 
and  charaoterize  the  secondary  groups  thus  formed  in  the 
same  manner.  These  secondary  groups  are  in  their  turn 
divided,  and  the  sections  multiplied  as  required,  until  at  last 


192  ZOOLOGY. 

nothing  is  left  in  the  same  group  but  the  different  individuals 
of  the  same  species. 

Classification,  then,  is  a  sort  of  catalogue  raiso-nnS,  in 
which  aU  beings  are  ariunged  according  to  a  certain  order, 
and  reunited  mto  groups,  recognisable  by  determinate  cha- 
racters, which  in  their  turn  are  reunited  into  other  groups  of 
a  still  more  elevated  place. 

§  361.  The  practical  utility  of  such  classifications  is  easily 
seen  by  comparing  it  with  the  address  of  a  letter.  So  it  is 
with  the  naturahst,  who,  by  his  zoological  classifications, 
arrives  speedily  to  the  groups  to  which  the  animal  belongs. 
If,  for  example,  he  was  desirous  to  define  a  hare,  without 
resorting  to  such  means  he  would  be  forced  to  compare  his 
description  to  that  of  more  than  one  hundred  thousand  dif- 
ferent animals.  But  if  he  says  that  the  hare  is  a  vertebrate 
animal  of  the  class  mammaU,  of  the  order  rodents,  of  the 
genus  lepus, — by  the  first  he  excludes  all  invertebrates  from 
his  comparison ;  by  the  second,  he  excludes  all  reptiles,  fishes, 
and  birds ;  by  the  third,  he  distinguishes  the  hare  from  nine- 
tenths  of  these  mammals ;  and  having  thus  arrived  at  the 
genus  to  which  it  belongs,  a  very  few  distinguishing  cha- 
racters in  addition  will  enable  him  to  characterize  the  species 
for  certainty. 

J  362.  Artificial  and  Natural  Classifications,  —  Zoolo- 
classifications  are  of  two  kinds,  arti-ficial  and  natural. 
In  the  artificial  classification  of  animals,  the  divisions 
are  based  on  modifiefldotis  which  certain  parts  of  the 
bodies  present,  and  which  are  chosen  arbitrarily;  in  the 
natural  classification,  on  the  contrary,  the  whole  of  the  or- 
ganization of  each  being  is  taken  into  consideration,  and  then 
arranged  accordingly. 

§  363.  An  artificial  system  is  generally  of  easy  appli- 
cation, but  it  often  ffives  us  no  important  information  out 
the  jiame  of  the  object.  Suppose  we  take  the  number 
of  the  limbs  as  a  base  for  classification,  we  should  pl^e  in 
the  division  quadrupeds,  the  ox,  the  frog,  the  lizard,  &c., 
thus  violently  separating  animals  from  their  natural  affinities, 
and  grouping  together  those  which  have  none. 

^S64i,'B^  the  natural  method,  the  divisions  and  subdi- 
visions of  the  animal  kingdom  are  founded  on  the  whole  of 
the  characters  furnished  by  each  animal,  arranged  according 
to  their  degree  of  respective  importance ;  thus,  in  knowing 
the  place  which  the  animal  occupies,  we  also  know  the  re- 
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markable  traits  of  its  organization,  and  the  nlanner  in  which 
its  principal  functions  are  exercised. 

§  365.  The  rules  to  be  observed  in  arriving  at  a  natural 
classification  of  the  animal  kingdom  are  of  extreme  simplicity, 
but  ofben  there  is  much  difficulty  in  the  application.  They 
may  be  i*educed  to  two,  for  the  object  of  the  zoologist,  in 
establishing  such  a  classification  is, — 

1st.  To  arrange  animals  into  natural  sene»,  according  to 
the  degree  of  respective  affinities, — ^that  is  to  say,  to  distribute 
them  in  such  a  manner  that  the  distance  from,  or  proxi- 
mity to,  a  species,  is  the  measure  of  the  resemblance  or 
dissemblance. 

2nd.  To  divide  and  subdivide  this  series,  according  to  the 
principle  of  subordination  of  characters, — ^that  is  to  say,  by 
reason  of  the  importance  of  the  diffierences  which  these 
animals  present  between  them. 

§  366.  To  be  satisfied,  for  example,  of  the  affinity  which 
exists  between  the  cat  and  the  tiger,  it  is  not  necessary  to 
study  the  anatomy  of  these  animals,  for  the  external  forms 
translate,  as  it  were,  the  character  of  the  internal.  But  in  a 
great  number  of  instances  the  examination  of  the  internal 


Fig.  134.— Cyclops. 


.  Fig.  133.— 

Larvce  of 
the  Lernea. 


I*ig,132. — Lernea.  Fig.  135.— Larvae  of  the  Cyclops. 

structure  becomes  necessary,  in  order  to  avoid  important 
errors.  Thus,  for  a  long  time,  the  relations  which  exist 
between  the  lerness,  parasitical  animals  with  strange  forms 
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(Fig.  132),  which  live  on  fishes,  and  the  smaller  Crustacea  of  fresh 
waters,  known  to  zoologists  by  the  name  of  Cyclopes  (Fig.  134), 
were  not  understood ;»because  in  their  adult  state  these  two 
animals  do  not  resemble  each  other, — but  since  naturalists  have 
studied  their  development  they  have  become  convinced  of  their 
relationship,  for  when  young  they  differ  so  little  from  each  other 
that  it  ^ould  be  (»ften  difficult  to  distinguish  them  (Figs.  133  and 
136).  Finally,  to  fulfil  the  first  of  the  two  conditions  pointed 
out  above,  it  becomes  necessary  to  overcome  other  difficulties 
depending  on  the  multiplicity  of  the  relations  of  each  animal 
with  those  surrounding  it,  and  of  the  diversity  of  the  transitions 
by  which  nature  passes  from  one  type  to  another.  By  reason  of 
these  circumstances,  it  is  also  impossible  to  arrange  animals  in 
a  single  linear  series,  without  violating  at  every  instant  their 
respective  affinities,  and  we  are  obliged  to  disperse  them  into 
several  parallel  lines,  or  lines  branching  out  from  each  other. 
§  367.  The  second  condition  in  the  establishment  of  a 
natural  classification,  is  an  exact  relation  between  the  suc- 
cessive divisions  of  the  animal  kingdom,  and  the  importance 
of  the  modification  of  structure  serving  as  the  basis  to  these 
sections. 

The  characters  which  distinguish  animals  from  each  other 
are  far  from  having  the  same  value :  some  are  of  seemingly 
little  or  no  physimogical  importance,  seeing  that  their  varia- 
tions do  not  draw  after  them  differences  in  the  rest  of  their 
economy;  others  never  vary  without  coinciding  with  pro- 
found modifications  in  the  whole  of  their  organization ;  hence 
they  are  called  dominating,  since  they  seem  in  some  measure 
to  regulate  these  modifications.  It  is  evident,  then,  that  divi- 
sions of  an  inferior  rank  can  alone  be  based  on  subordinate 
characters,  while  those  of  a  higher  rank  ought  to  be  founded 
on  those  called  domhiating.  To  arrive,  then,  at  a  natural 
classification  of  animals,  it  is  above  all  necessary  to  know  the 
structure,  functions,  and  mode  of  development  of  these  beings; 
next^to  inquire  into  the  dominating  characters  of  the  organi- 
zation of  each.  This  we  arrive  at  sometimes  -by  physiological 
considerations,  at  other  times  by  anatomy  only.  Fixity  is  an 
index  of  an  organic  don'iination,  whilst  the  characters  which 
vary  from  one  small  group  to  another,  are  generally  but  of 
little  interest.  The  nature  and  the  degree  of  development  of 
the  faculties,  of  which  the  organ  thus  modified  is  the  instru- 
ment, enables  us  also  to  judge,  to  a  certain  point,  of  the 
zoological  value  of  a  modification  of  structure.     But  in  other 
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casesy  the  determination  of  dominating  ehai^cters  pi'esents 
considerable  difficulties,  and  analogy  is  not  always  a  safe 
guide,  for  the  importance  of  an  organ  may  vary  considerably 
in  passing  from  one  animal  to  another,  and  a  part  which 
dominates  in  some  sort  the  whole  economy  in  some  species, 
may  in  others  be  found  fallen  from  its  rank,  and  reduced 
to  play  a  secondary  part. 

§  368.  Zoologists  are  far  from  knowing  the  anatomy  and 
physiology  of  all  animals ;  neither  are  they  a^eed  on  the 
relative  importance  of  a  great  number  of  modifications  of 
structure  which  animals  present.  It  is  evident,  then,  that  in 
the  existing  state  of  science  there  can  be  no  natural  classifica- 
tion ;  hence  also  the  variety  of  methods  adopted  by  different 
authors,  and  the  modifications  these  methods  daily  undergo. 
But  this  mode  of  classification  roust  of  necessity  become  more 
perfect  as  our  knowledge  extends,  and  its  instability,  far 
from  being  a  defect,  is  the  necessary  consequence  of  its 
perfectibility. 

§  869.  The  introduction  of  natural  methods  of  classifica- 
tion of  living  beings,  is  one  of  the  greatest  services  rendered 
to  natural  history ;  it  has  changed  the  aspect  of  the  science, 
and  given  a  powerful  interest  to  that  part  of  botany  and 
zoology  which  heretofore  was  the  most  arid. 

The  distinguished  men  to  whom  we  owe  this  innovation 
b^au  with  plants,  which  before  their  time  were  arranged 
arbitrarily  by  the  number  of  their  stamens  and  pistils,  or 
after  some  other  character  chosen  without  regard  to  their 
analogies.  Towards  the  middle  of  the  last  age,  a  French 
botanist,  Bernard  de  Jussieu,  conceived  the  happy  idea  of 
distributing  them  in  groups  according  to  the  whole  of  their 
organization ;  and  his  nephew,  Antoine-Laurent  de  Jussieu, 
applied  this  idea  to  the  entire  of  the  vegetable  kingdom,  and 
assuming  as  a  basis  of  his  classification  the  consideration  of 
>  the  dominating  characters  (see  §  367),  created  the  natural 
method  at  present  adopted  by  all  naturalists. 

§  370.  Mode  of  Division  of  the  Animal  Kingdom. — 
The  animal  kingdom  is  composed  only  of  individuals ;  but 
among  these  there  is  a  certain  number  which  have  an 
extreme  resemblance  to  each  other,  and  which  are  reproduced 
with  the  same  essential  characters ;  these  reunions  of  indi- 
viduals formed  after  the  same  type,  constitute  what  naturalists 
call  species.  Thus  man,  dogs,  horses,  form  for  the  zoologist 
so  many  distinct  species. 

o2 
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Sometimes  the  species  differs  considerably  from  all  others ; 
but  in  general  there  exists  a  number  more  or  less  considerable 
which  strongly  resemble  each  other,  and  which  are  only 
distinguished  by  differences  of  little  importance ;  such  as  the 
horse*  and  the  ass,  the  dog  and  the  wolf.  For  natural 
classifications,  these  closely  allied  species  are  reunited  into 
groups  called  genera,  and  to  their  specific  name  a  generic 
name  is  also  added,  common  to  them  all ;  thus  we  say  the 
grey  lizard,  the  spotted  lizard,  the  ocellated,  &c.,  to  designate 
different  species  of  the  genus  lizard ;  and  brown  bear,  white 
beai',  <&c.,  for  the  different  animals  of  the  genus  bear. 
Genera  which  resemble  each  other  are  grouped  together  by 
the  name  of  tribe,  or  natural  family. 

If  we  afterwards  consider  the  structure  of  animals  in  a 
more  general  way,  we  cannot  fail  to  recognise  in  several 
families  the  same  dominating  characters,  thus  givhig  to  them, 
in  spite  of  their  differences,  a  certain  common  character.  In 
this  way  the  naturalist  forms  divisions  of  a  more  elevated 
rank,  which  he  calls  orders,  and  reunites  in  turn  these 
orders  into  groups  still  more  numerous,  called  classes. 
But  the  classes  themselves  admit  of  bein^  divided  by  the 
same  principles  into  embrancheinents,  or  primai'y  divisions  of 
the  animal  kingdom, 

§  371.  Thus  the  animal  kingdom  is  divided  into  primary 
divisions,  these  divisions  into  classes,  the  classes  into  orders, 
the  orders  into  families,  the  families  into  genera,  and  the  genera 
into  species ;  sometimes  we  are  even  obliged  to  multiply  these 
sections,  but  the  principles  are  always  the  same ;  the  differ* 
ences  which  exist  between  two  classes  ought  to  be  more 
important  than  those  existing  between  two  families,  as  the 
characters  of  &milies  ought  to  have  a  greater  value  than  the 
characters  of  the  genera  out  of  which  these  families  are  com- 
posed. Thus  it  is  the  more  important  differences  which 
serve  for  the  establishment  of  the  primary  division,  those  of 
less  importance  which  constitute  the  basis  for  the  subdivision 
of  these  into  classes,  and  so  on,  until  we  arrive  at  species  or 
groups,  formed,  as  we  have  already  said,  by  the  assemblage  of 
all  the  individuals  closely  resembling  each  other,  and  which 
may  unite  to  perpetuate  their  race. 

It  is  evident  then,  in  order  to  class  any  animal  in  the  pri- 
mary division,  the  class,  order,  family,  genus,  and  species  to 
which  it  belong^  must  first  be  determined,  and  that  by  this 
determination   alone  we  o^^tain  precise  ideas  respecting  all 
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which  its  organization  offers  of  most  importance,  since  it  is 
in  fact  these  very  peculiarities  which  serve  to  characterize 
these  successive  divisions.  Now,  we  repeat,  the  functions  and 
manners  of  an  animal  are  always  dependent  on  the  mode  of 
conformation  of  its  organs,  or  at  least  in  harmony  with  its 
structure,  and  that  consequently  we  may  deduce  from  this 
knowledge  all  the  most  important  points  m  the  history  of  the 
species  submitted  to  our  investigations.   . 

Such  are  the  bases  on  which  rest  the  zoological  classifi- 
cations called  natural.  Let  us  now  see  what  have  been  the 
results  of  the  application  of  these  principles  to  the  methodical 
distribution  of  animals,  and  let  us  study  the  principal  groups 
formed  by  these  beings. 

BASES  OF  THE   DIVISION   OF  THE   ANIMAL    KINGDOM    INTO 
FSIMABY   DIVISIONS   (eMBBANCHEMENTS)   AND   CLASSES. 

§  372.  Primary  Divisions. — Four  general  plans  of  struc- 
-  ture,  modified  in  a  thousand  ways,  seem  to  have  served  as 
guides  for  the  creation  of  the  animal  kingdom.  These  four 
principal  forms  may  be  understood  by  a  reference  to  four 
well-known  animals — the  dog,  the  craw-fish  or  lobster,  the 
snail,  the  asteria  or  sea- star  (Fig.  136). 

In  order  that  the  zoological  classification  be  a  faithful 
representation  of  the  more  or  less  important  modifications 
introduced  into  the  structure  of  animals,  it  was  necessary  to 
distribute  these  beings  into  four  principal  groups  or  divisions; 
and  this  is,  in  fact,  what  Cuvier  did. 

The  animal  kingdom  is  divided  into  vertebrate  animals j 
articulated  or  annulated  animals,  molluscs,  and  zoophytes^ 
§  373.  The  fundamental  differences  distinguishing  these 
four  primary  divisions  depend  chiefly  on  the  mode  of  arrange- 
ment of  the  different  parts  of  the  body  and  on  the  conformation 
of  the  nervous  system.  It  is  easy  to  understand  the  im- 
portance of  these  two  dominant  characters:  to  feel  and  to 
move  is  the  especial  character  of  animal  life,  and  these  two 
ftmctions  belong  to  the  nervous  svstem.  It  might  readily, 
then,  be  anticipated  that  the  mocfe  of  cx)nformation  of  this 
system  would  exert  a  powerful  influence  over  the  nature  of 
animals,  and  would  furnish  characters  of  primary  importance 
ill  classification. 

The  general  disposition  or  mode  of  reunion  of  the  different 
parts  of  the  body  exercises  an  equally  important  influence,  as 


•  Thii  theoretioil  flgare  is  intended  to  indicate  Ibe  relnlve  pMilion  of  (be 
raatorgBDic.ppwatuMiiuUiedMamMiini.lsi-i  buccal caiily forming tbe 
3l«noe  of  the  ahmmlarj  lobe,— the  exit  i>  et  tbe  poeterior  eiiremity  of 

SDeepbalon  (bnin,  it.j  I  s',  ipiiLii]  mirmw.         '    >       8" '    < 
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tnodilying  the  localization  of  the  functions  and  the  divieiuii 
of  the  physiological  reault. 

Although  it  iH  easy  for  the  zoologist  to  distinguish  the 
four  groups  just  mentioned,  and  to  refer  to  one  or  the  other 
of  them  an  animal  under  examination,  yet  there  are  some 
beings  which  Heem  connected  with  two  differeiit  types,  like 
horder  lands  whose  rights  of  possession  hare  not  yet  been 
detennined. 


Fig.  138.— SkeleloB  of  the  OstHch, 

It  sometimes  also  happens  that  it  is  difficult  to  define  rigo- 
rously these  four  groups  ;  but,  to  give  an  exact  idea,  it  will 
be  sufficient  to  indicate  the  more  prominent  charactcra  pecu- 
liar to  each  type,  and  to  remark,  that  the  reunion  of  all  these 
characters  is  not  always  to  be  met  with,  sometimes  one  and 
Bometimes  another  being  effaced  as  we  descend  to  the 
limits  of  the  division. 


200  zoeLOGT. 

§  374.  The  vertebrate  animal*  resemble  man  in  the  more 

important  points  of  their  Htructnre;  aJmontall  the  parts  of  their 
bodies  are  mpairx,  and  dinposed  aymmetricslly  on  the  two  sides 
uf  a  median  lon^tudinai  plane ;  their  nerrouB  syetem  is  highly 
developed,  and  is  composed  of  nerves  and  gangiiona,  and  of  a 
hrain  and  spinal  marrow.  To  these  we  may  add,  that  the 
principal  muscleB  are  attached  to  an  internal  skeleton 
(Fig.  138),  composed  of  separate  pieces,  connected  together, 
and  disposed  so  aa  to  protect  the  more  important  oi^ans,  and 
to  form  the  passive  instrumentw  of  locomotion ;  that  the  more 
important  part  of  this  skeleton  forms  a  sheath  for  the  brain 
and  spina!  marrow,  and  rcBalts'from  the  reunion  of  aunular 
portions,  called  vertehrre;   that  tlie   apparatus  for  the  cir- 


culation is  very  complete,  and  that 
the  heart  offers  at  least  two  distinct 
reservoirs;  that  tlie  blood  is  red ;  that 
the  limbs  are  almost  always  fonr  in 
number. and  never  more ;  finally, that 

Fig.  ISft.— NBr»oM  SjJtem  of       there  exist  distinct  organs  lodf^  in 

"«i^  |Cr.bm  of  ihe       theheadforsight,hearing,i<niell.and 

teste.     We  have  instanced  man  and 

the  dog  as  specimens  of  this  type,  but  we  may  also  include 

the  bird,  the  reptile,  and  the  Rsh. 

§  375.  Anntilated  Animals,  or  Entomoxoaria. — In  the 
second  primary  division  of  the  animal  kingdom  we  find  a 
general  mode  of  conformation  quite  different  irom  the  pre- 
ceding. The  body  is  still  symmetrical  aiid  binary,  as  in  the 
vertebrate  animals,  hut  it  is  composed  of  a  series  of  parts 

■  IdHlwwtionorthebodyoft1otMtfrori:riw-ash:— i.thsBtornHhinadsr- 
ncBtb  vhicb  miij  b«  Hen  Ibe  gullet  %bA  the  month ;  i,  intestiH ;  /,  the  liier ; 

Ifijliet;  J,  thoncii)  and  abdominelgftnglione  eituated  below  the  iliidentary 
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which  repeat  each  other,  so  that  it  may  be  divided  into  a 
considerable  number  of  segments,  homologous,  and  more  or 
less  like  each  other  (Fig.  141).  The  nervous  system  is  mo- 
derately developed,  and  is  composed  of  a  double  series  of  small 
medullary  centres,  called  ganglions,  reunited  in  a  longitudinal 
chain,  so  as  to  occupy  the  greater  part  of  the  length  of  the 
body  (Pig.  139). 

Ijie  small  mass  formed  by  the  first  ganglions  of  this  con- 
nected chain  is  lodged  in  the  head,  and  for  this  reason  has 
been  compared  to  the  brain  of  the  vertebrata;  but  we  find 
nothing  resembling  the  spinal  marrow,  for  the  rest  of  the 
chain  of  ganglions  is  situate  on  the  ventral  surface  of  the 
body  under  the  digestive  tube  (Fig.  140),  and  the  nervous 
cords  uniting  them  to  the  ganglions  of  the  head  surround  the 
gullet  like  a  collar.  All  the  muscles  are  attached  to  the  skin, 
and  there  is  no  internal  skeleton ;  but  the  integuments,  by 
their  hardness,  form  a  sort  of  external  skeleton,  being  ar- 


Fig.  141. — Scolopendra. 

ranged  in  rings  more  or  less  moveable  on  each  other.  Thus, 
the  annulated  or  articulated  character  of  these  animals  may 
be  seen  externally;  the  limbs,  in  general,  are  very  numerous; 
the  organs  of  the  senses  less  numerous  and  less  perfect  than 
in  the  vertebrate ;  the  blood  is  almost  always  white,  and  the 
circulation  very  incomplete;  finally,  a  number  of  other  pecu- 
liarities are  found  in  the  structure  of  these  animals,  to  which 
we  shall  afterwards  return; — the  scolopendra  or  centipede 
(Fig.  141),  the  lobster  or  craw-fish,  craos,  insects,  &c.,  are 
specimens  of  this  primary  division  of  the  animal  kingdom. 

§  376.  Molluscous  Animals, — The  molluscs  have,  like 
the  preceding,  the  principal  organs  in  pairs,  and  symme- 
trical ;  but  the  body  has  a  tendency  to  assume  a  spiral  or 
curved  form,  so  that  the  mouth  and  anus,  instead  of  occu- 
pying the  two  extremities  of  the  trunk  of  the  animal,  are 
more  or  less  contiguous.  The  nervous  system  is  composed 
essentially  of  ganglions,  as  in  the  anuulata ;  and  here  also  a 


portion  of  this  Bygtem  ocuupias  the  dorrial  aKpei^,  and  another 
portion  the  ventral  Bapect,  of  the  digestive  tube;  but  theae 
ganglions  do  not  form  a,  long  median  chain,  as  in  the  pre- 
ceding division. 

The;  have  no  skeleton  internally 
or  externally;  their  body  is  soft, 
and  their  skin  constitutes  a  flexible 
and  (ontractila  envelope  or  mantle; 
it  IS  often  covered  with  homy  or 
calcareous plaf«s, called  shells  (Fig. 
143),  and  this  is  sometimes  de- 
veloped in  it«  interior.  In  this 
primary  division  the  organs  of  the 
senses  are  almost  always  very  incom- 
plete, there  seems  to  be  no  special 
oiganism  for  smell,  and  in  a  great 
number  the  eyes  are  wanting ;  they 
have  hardly  ever  limbs  for  loco- 
motion ;  and  finally,  the  blood  is 
white,  us  in  most  of  the  annelides, 
ia  often  much  more  complete. 

—Finally,  in  the  fourtn  and  last  primary 
division,  the  different  parts  of  the  body,  in  place  of  being 
grouped  symmetrically  with  reference  to  a  median  plane, 
tend  rather  t^i  arrange  themselves  around- a  centrd  pomt  or 


Fif .  US.< 
but  the  circulation  is 
§  377.  Zoophytes. 


Fig.lia.— 

HtionofUieb 
ooodiDg  the  h« 


7,  ink  bt%  or  vnicle ;  i 
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vertical  lino,  so  as  to  affect  a  radiated  disposition  more  or 
leiia  complete.  With  regard  to  a  nervous  systom,  no  trace  is 
generally  to  be  observed,  and  where  it  exists,  it  is  reduced  to 
a  rudimentary  etate ;  the  organs  of  the  senses  are  also 
almost  completely  wanting;  finally,  all  the  parts  of  the  eco- 
nomy become  of  an  extreme  itimpliclty.  For  a  long  time 
thej  were  mistaken  for  vegetables,  and  hence  their  name  of 
zoophyte  or  animal  plants,  and  they  have  been  called  radiated 
animals,  bv  reason  of  the  obvious  radiated  disposition  of  tiieir 
organs.      Ths   polyps,   of  which   we   have   already   spoken 


Fig.  lU,— Anitamy  of  the  Colin»voD,  or  Bnul.' 
(§   347),    the   actiniffi    or   sea   anemones     (Fig.    145),   and 
the  ast«ria  or    sea   star  (Fig.   136),  are  specimens   of  this 
division -t 

§  378.    Subdivisions   of  the    Primary   Division    into 

*  pi,  the  foot ;  t,  tfntaela,  h&tf  contraot«d ;  d,  a  lort  of  diftpbragm  B«p&- 
ratiug  the  reapirKlor^  cavity  tVom  tbe  othn  ruc«ra;  t,  portioD  of  the 
gtomAcb;  J",  the  li^er;  o,  the  ovBiy;  i,  iDtestinea^  r,  rectum;  a,  ana^i 
c,  the  heart, — tbe  pericwdium  bu  be«D  opened ;  ap,  pidnioDfefj  arterj, 
THiDiffiDgootlw  wamoftbepubpoDAiTCHvitjip;  (V,  ooFtJi;  V,  gUpd,  Btfcreting 
the  Tucoaitj;  eff.itfleHwetorrcMiBlepetuiigiiear  the  anua. 

t  Sdcaa  Eooloitnt'  Admit  a  mh  primary  dJTiiioa  of  the  animal  kingdtuc, 
oompriflinE  tponffea,  aod  efaaracterlEed  bj  the  abience  of  all  reeidar  fbrm. 
But  It  H^  to  ua  that  thli  cUeeifii^alion  ougbl  not  la  be  adopted,  for  these 
atrange  aniTn^>  (amirrpAatooria}  pment  when  young  tbe  same  charautert  as 
ptdrpt,  ovij  ibm  org^do  deWopmenC  la  armted  at  a  IronBit^ny  state,  and 
thay  become  deJbnnri  li  they  ttow  older.  Thua  by  keeping  in  riew  Ibeir 
mode  of  development,  thej  may  be  referred  to  the  daaa  loopl^rteB- 


304  zooLoar. 

Clattes. — The  animiila  thus  arranged  under  a  primaiy  division 
resemble  each  other  sufficiently  to  admit  of  that  arrangement, 
but    they    differ  in    many    im- 
portant circumstancex,  and  hence 
theiF  suIjdiviHioii  into  classes. 

§  379.  ThuB,  amongst  verte- 
brate animals,  someare  bom  alive, 
and  are  provided  with  mamms 
for  the  nourishment  of  their 
youn^j  others  spring  from  an 
egg,  in  which  they  nod  all  the 
natrimont  neceBsary  for  their  con- 
stitution, and  hence  are  without 
.  oi^aiia  of  lactation  i  some  respire 

g.      .—      iDw.  jj^  jjig  ^.others  in  the  water; 

in  some  the  circulation  is  complete,  in  others  incomplete; 
some  have  the-  blood  hot,  in  others  it  is  called  cold,  com- 
paratively; finally,  some  are  formed  to  rise  into  the  air, 
others  t<>  live  on  the  ground,  and  others  ia  swim  in  the 
depths  of  the  waters.  The  differences  are  of  a  high  physio- 
If^cal  importance,  and  coincide,  so  as  to  characterize  in  this 
divinion  five  secondary  types;  and  hence,  to  clasd  vertebrate 
animtda  according  to  the  principles  of  the  natural  method, 
they  must  be  divided  into  five  classes  —  namely,  mammals, 
birds,  reptilfg,  hatrackia,  tmA  fishes.* 

§  380.  In  the  primary 
division  of  the  entomozo- 
aria,  or  annulated  animals, 
we  observe  modifications  of 
structure  no  less  remark- 
able. Sometimes,  as  in  the 
talitrus,  there  exist  articu- 
.  lated  limbe  serving  as  levers 
in  the  apparatus  of  loco- 
motion ;  and  the  cephalic 
portion  of  the  ganglionary 
nervous  system  acquires 
Fig.  H6.~T»Ulrn>.  considerable       importance. 

Sometimes,  on  the  contrary, 
as  in  the  leech,  there  are  no  articulated  limbs,  the  nervous 

*  In  th«  «Br]j  edtHou  of  thii  ircrli,  tbe  TeT(«1?FmtH  were  divided  ioto  four 
ctHBcs,  follDwing  Cavier'fl  arrsogeiueiit ;  ths  bbtraDhia  for  good  reBBOna  baTA 
■iuDS  IweD  Kpinted  from  tha  reptilit. 
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ganglions  ara  but  little  developed,  and  present  a  remarkable 
unifonnity  in  Btmcture  atid  functione.  We  may  thus  sub- 
divide thid  primary  division  into  two  secondary  )^oiips  — 
namely,  the  articulated  animals,  |iTOperly  so  called,  and  the 
vermes  or  worms;  but  this  claaaifieation  i^  not  sufficient  to 
represent  aU   the  great  differeuces   in  the   nature  of  these 


In  fact,  amongst  the  articulate  animals,  properly  so  called, 
we  find  inxecta  {Figs.  148  and  149)  which  receive  the  air  int« 
all  partfl  of  the  economy  by  means  of  trachea,  which  have  the 
body  subdivided  into  three  dissimilar  parts — the  bead,  the 
thorax,  and  the  abdomen,  which  have  always  three  pairs  of 


Fig.  140,— BMtajlui. 

feet,  and  which  are  almost  always  provided  with  wings ;  the 
myriapoda  (Fig.  147),  which  resemble  insects  by  their  mode 
of  respiration,  and  which  have  also  a  distinct  head,  but  have 
not  the  trunk  divided  into  thorax  and  abdomen ;  which  have 
front  twenty-four  to  sixty  pldrs  of  feet,  and  even  more,  bnt 
which  never  have  wings :  the  spiders  (Fig.  151),  which  have 
not  the  head  distinct  Irom  the  thorax,  which  have  always 
only  four  pairs  of  limbs  or  feet,  and  which  respire  the  air  like 
all  the  preceding,  but  which  have  no  trachcEe,  and  receive  the 


Fig.  ISO.-Theipho™. 

fluid  inbi  piilmonaiy  pouches  :  the  Crustacea  (Fig,  160),  v hit 
h&ve,  on  the  oiitracy,  an  aquatic  and  branchial  regpiratia 


^ 


FBIMART  DIVISIONS  AND   CLASSES. 


207 


and  which  have  always  from  five  to   seven  pairs  of  limbs 
adapted  for  locomotion.* 


Pig.  152.— The  Leech. 

The  division  of  vermes  or  worms  ought   to  comprise  also 
several  very   distinct  types.      There  is  first  the  annelides 


i^j^^i^ 


Fig.  163. -Nereis. 

(Fig.152),  whose  ganglionary  system  \&  quite  distinct  through- 
out its  whole  length)  with  red  blood  generally  circulating  in 


Fig.  154.— Rotifera. 

a  very  complex  vascular  system,  in  which  the  respiration  almost 
always  takes  place  in  a  well-developed  branchial  apparatus, 


Fig.  155.— Ascsris. 

*  It  has  been  known  for  some  years  that  the  cirrhipides,  which  had  been 
formed  into  a  particular  class,  ought  to  be  restored  to  the  class  Crustacea. 
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and  in  which  the  movements  are  performed  in  general  by 

meanx  of  moi^eable  briatles  (Fig.  153);  with  these  also  we 
arrange  the  rotifera,  microecopic  siiimals,  which  seem  to 
have  no  npecial  organs  for  the  circulation,  and  which  have  no 
branchiffi,  but  which  have  in  general  vibratile  organs  veiT 
singular  in  their  amingemeut  (Fig,  154).      Finidly,   it  la 
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also  to  this  primary  division  that  we  must  refer  the  tur- 
bellaria,  whose  body  in  without  limbs,  and  wKoae  nervous 
Hystem  ih  composed  essentially  of  two  latraul  cords  fringing 
from  two  ceplialio  ganglions.  The  intestinal  worms,  or 
helmintbiie,  belong  ^so  to  this  division ;  their  structure  is 
very  simple ;  they  present  only  vestiges  of  a  nervous  sys- 
tem, and  yet  ai's  intimately  allied  to  the  annelides,  which 
ol^n  seem  tohe  in  some  measure  the  degraded  representatives 
of  the  same  zoological  typ.* 


To  place  the  classification  of  annulated  animals  in  harmony 
with  the  differences  which  we  have  pointed  out  in  the  nature 
of  these  beings,  they  must  be   divided   into  eight  distinct 


Kg.  168.-PorcieUine  (CypncB). 

•  NatnraluU  BK  not  agreed  in  respectorthe  .._ 
or mt«Btina]wormar  CatierarrangedlhemAiDOnKBt 
bat  tbey  mote  leHmbla  tlw  iiDiiElidea  in  lim  conlbr 

t  AsoidiBoflhBgenui  IV™ioro; — 6,111 
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classes,  the  names  of  which  we  have  already  pointed  out  in 
the  preceding  considerations. 

§  381.  The  primary  division  of  the  molluscous  animals 
presents  organic  modifications  necessitating  a  similar  subdivi- 

Shell.Mantle.Tentacnla.  Mouth.  Xerves.MuBcles. 


Foot. 


InteBtine.      -rr-- \~ 


Stomach. 


Branchiae.  — 


Mantle. 


Anterior 
Gang^ona. 

liTer. 

Heart. 

Stomach. 

Nerves. 

Shell. 

Intestine. 

Posterior 
Ganglions. 


Muscle. 


Anus. 


Bespiratory  Tubes. 
Fig.  160. — Anatomy  of  an  Acephalous  Mollusc  (la  Mactre  :  Mactra). 

sion.  In  the  molluscs,  properly  so  called,  there  is  a  nervous 
system,  composed  of  two  or  more  pairs  of  nervous  ganglions, 
reunited  by  medullary  cords  (Fig.  156) ;  and  reproauction  is 


PEIMABY   DIVISIONS  AND  CLASSES. 


211 


accompliHhed  only  by  means  of  eggs.  In  others,  which  I 
shall  call  molliiscoides,  the  nervous  system,  reduced  to  a  rudi- 
mentary state,  seems  to  consist  of  only  a  sin^lb  ganglion,  and 
in  most  cases  the  multiplication  of  individuals  takes  place 
by  the  development  of  granulations  (bourgeons)  as  well  as 
by  oviparous  generation ;  it  happens  therefore  frequently 
that*  individuals  springing  from  each  other  remain  united 
together,  constitutii^ig  animated  masses,  phytoid,  in  fact 
(Fig.  157). 

The  moUuscoides  are  subdivided  into  two  classes,  according 
as  they  have  the  respiratory  apparatus  enclosed  in  the  mouth, 
or  formed  by  a  corona  or  circle  of  long  labial  tentacula. 
The  first  are  called  tuniders  (Fig.  157)  ;  the  second  forms  a 
class  of  hryozoaires;   tunicata  ;  hryozoaria. 

The  mollusca,  properly  so  called,  differ  amongst  themselves 
by  characters,  whose  importance  is  still  very  considerable. 
Thus,  in  some  the  cephalic  ganglions  -  are  very  distant  from 
the  abdomhial ;  there  is  no  distinct  head,  nor  trace  of  the 
special  organs  of  the  senses ;  the  organs  of  movement  are  ex- 
tremely imperfect,  and  the  body  is 
wrapped  up  by  cutaneous  folds,  pro- 
tected exteriorly  by  a  bivalve  shell 
(Fig.  160).'  Muscles,  oysters,  &c., 
present  this  mode  of  organization. 
Other  mollusca,  as  the  snail,  limn^es 
(Fig.  143),  and  the  porcelaine  (Fig. 
158),  have  a  distinct  head :  their 
nervous  ganglions  are  generally  close 
to  each  other,  and  grouped  around 
the  gullet;  they  have  eyes;  the 
lower  surface  of  the  body  is  occu- 
pied by  a  fleshy  organ,  serving  for 
locomotion ;  finally,  the  back  is  gene- 
rally protected  by  a  shell,  and  this 
is  never  bivalve,  but  represents 
almost  always  a  cone  turned  into  a  spiral  (Fig.  159) ;  others 
have  a  distinct  head  like  the  preceding,  and  on  each  side 
of  the  neck  a  kind  of  membranous  wing,  which  serves  as 
an  oar  (Fig.  161). 

Finally,  there  are  some  which  have  the  head  furnished 
with  long  contractile  and  prehensile  appendages,  performing 
the  functions  of  feet  and  arms  (Fig.  162). 

These  have  the  nervous  system  more  developed  than   in 

p2 


Fig.  161.— Hyale  (Hyalea). 
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other  animals  of  the  same  primary  division,  and  wbich  geoe- 
rftllv  have  the  body  supported  by  a  sort  of  iat«rioi'  Bhelt. 
Suun  are  the  various  modes  of  eonformation  Mrvin^  as  a, 
basis  of  the  division  of  the  mollusca,  properly  ao  called,  into 
four  dasBes,  called  aeepkala,  gasteropoda,  pteropoda,  and 
eephalopodji.  The  oyster  may  represent  the  type  of  the  first, 
that  is,  of  the  acephda ;  the  snail  that  of  the  gasteropoda : 
the  hyalea  (Fig.  161)  tiiat  of  the  pteropoda;  and  tlie  sepia 
(Fig.  162)  the  group  of  the  cephalopoda. 


§  383.  Finally,  the  fourth  and  last  primary  division  of 
the  animal  kin|(dom,  the  zoophytes,  comprises  also  very 
varied  animals,  and  is  divided  into  several  el^see.  In  one  of 
these  groups,  called  the  clasa  echinodermata,  the  body  is 
formed  to  creep  on  the  sand  or  rocks  at  the  bottom  of  the 
sea,  and  for  this  purpose  the  surface  is  provided  with  a 
number  of  small  prehensile  append^es ;  the  integuments 
also  are  of  considerable  consistence,  and  even  sometimes  of  a 
stony  hardness. 

The  sea  stars,  the  holothuria  (Fig.  163),  and  the  sea- 
urehins,  are  types  of  this  class. 

In -the  secoud  group,  formed  by  the  aealepha,  the  body  is, 


on  the  central? 

swimming.     The  ineduwe  "(Fig.  165),  which  float  i;.  ._ 

and  are  frequently  stranded  on  the  sanilj  shores  of  the  ccMwt, 
are  examples  oi'  this  class  of  zoophytes. 


In  a  third  class,  that  of  ol__ r--jr-'  r- 

ealled  (Fig,  164),  there  exists  nolongerany  oi^anot 


tion :  the  destiny  of  the  animal  is  to  live  fined  to  the  soil,  and 
its  month  is  snm>unded  with  moveahle  tubercles  (Fig.  166), 
bj  means  of  which  it  gathers  in  tlie  surrounding  waters  the 
corpuscles  necessary  to  its  nutrition ;  in  general,  a  portion  of 


the  int^^menU  becomes  ossified,  so  as  to  form  fot  it  a  kind 
of  calcareous  or  horny  dwelling  (Fi^.  167) ;  and  in  most  cadee 
also  the  young  spring  from  granalationn  arising  on  the  surface 
of  the  bodies  of  their  parents,  and  as  they  do  uot  become  de- 
tached, constitute  animated  maaees  of  varied  forms,  resembling 
a  branching  plant  loaded  with  flowers. 

The  actioue  or  sea-anemones  (Fig.  145)  belong  to  this 
class ;  so  also  does  the  coral  polyp  (Figs.  164, 166),  the  cary- 
ophillis  (Fig.  167),  &c. 

Sponges  (spongiarin)  offer  a  fourth  type ;  these  are  sin- 
gular animals,  which,  when  young,  have  an  ovoid  form, 
swim  ireely  by  means  of  the    vibratile  cilia  with  which 


Kg.  1«7.— Polyp  of  the  Geni 


.—Polyp  ottbi 
Gujr<^inillit. 


Fig.  lea— atllkofthBCorid.  Fig.  168.— TheBpong*. 

their  bodies  are  provided,  and  resemble  at  this  stage  of  their 
growth  the  larvce  of  the  acalepha  and  of  the  polyps ;  but  the^ 
soon  become  fiied  (Fig.  168),  and  then  lose  not  only  their 
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sensibility  and  power  of  motion,  bnt  become  so  degraded  as 
to  resemole  nothing  in  the  animal  kingdom. 

Finally,  most  .naturalists  also  arrange  in  the  division 
zoophytes,  a  fifth  group,  composed  of  an  infinite  number  of 
beings,  extremely  small  (Fig.  169),  which  live  in  stagnant 
waters,  and  are  called  infusoria  animalcula.  They  move  by 
means  of  their  vibratile  cUia,  and  strongly  resemble  in 
general  the  larvae  of  sponges  (spongiari^),  of  polyps,  and  of 
the  acalepha ;  but  they  do  not  change  as  they  grow  up,  and 
they  are  remarkable  tor  their  fissiparous  reproduction,  and 
for  the  considerable  number  of  stomachs  hollowed  out  in  the 
interior  of  their  bodies  for  the  reception  of  food.  These 
beings  until  very  lately  were  confounded  with  the  systolides, 
under  the  common  name  of  microscopic  animalcules  or  in- 
fusoria, and  in  order  to  distinguish  them  they  were  often 
called  polygastric  infusoria.  The  place  they  ought  to 
occupy  in  our  zoological  classifications  has  not  as  yet  been 
well  determined. 


Fig.  169.— Infiisoria.* 

Such  are  the  more  prominent  characters  of  the  principal 
orffanic  types  of  the  animal  kingdom.  The  sketch  just  given 
wm  suffice  to  give  the  reader  a  general  idea  of  the  modi- 
fications introduced  by  nature  into  the  structure  of  animated 
beings ;  but  to  limit  our  view  to  this  would  lead  to  extremely 
imperfect  ideas  of  the  true  nature  of  zoology.  It  becomes 
necessary,  therefore,  to  examine  more  carefully  each  of  the 
great  divisions  corresponding  to  these  fundamental  differ- 
ences. The  subjoined  tabular  view,  representing  a  synoptic 
table,  will  assist  the  reader  in  comprising  at  a  glance  the 
basis  of  the  classification  adopted  in  this  work. 

*  Various  polygastric  infUsoria,  seen  under  the  microscope : — i,  monads ; 
II,  traohelia  anas ;  iii,  enchelis,  represented  at  the  moment- when  rqecting 
the  residue  of  the  food;  it,  paramecia;  y,  kolpod;  yi,  trachelia  fasciolata, 
marching  on  microscopic  vegetables. 
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IDEAS 

ON  THE  ORGANIZATION  OP  ANIMALS  BELONGING 

TO  THE  DIFFERENT  CLASSES  OF 

THE  ANIMAL  KINGDOM. 


Division   Fibst. 


VERTEBRATE   ANIMALS. 

§  383.  The  vertebrate  animals,*  so  named  bj  reason  of 
the  presence  of  a  vertebral  eohimn  forming  the  essential  part 
of  the  skeleton,  are  of  all  animals  the  most  perfect ;  and,  as 
was  to  be  expected,  those  also  (§  346)  in  whom  the  organs 
are  the  most  numerous  and  the  most  complex. 

They  possess  an  internal  skeleton,  by  which  means  (?) 
they  attam  a  size  never  reached  by  the  articulata,  mollusca, 
and  zoophytes;  and  to  this  skeleton  may  be  ascribed,  no 
doubt,  in  part  at  least,  the  vigour  and  precision  of  their 
movements. 

^  This  internal  skeleton,  to  which  there  is  nothing  analogous 
in  the  oth^r  great  sections  of  the  animal  kingdom,  is  generally 
composed  of  bones,  and  is  arranged  nearly  as  in  man ;  never- 
theless, as  in  the  skate,  the  skeleton  remains  cartilaginous, 
and  there  are  iishes  in  which  it  is  all  but  membranous.  We 
have  alreadjr  studied  the  skeleton  carefully  (§  259  to  282)- 
The  part  which  is  never  absent  is  the  vertebral  column  and 
cranium ;  other  parts  may  be,  and  often  are,  deficient :  the  ribs 
are  wanting  in  frogs ;  the  sternum  i^  serpents,  (&c.  But  it 
is  especially  in  the  limbs  that  varieties  of  formation  are 
observable;  these  are  sometimes  wholly  absent,  as  in  the 
coluber  or  common  snake ;  sometimes  they  are  merely  dimi- 

*  In  this  sketch  of  the  general  type  of  the  vertebrftta,  we  have  taken  no 
account  of  the  amphioxiu,  whose  organization  is  extremely  low  in  the  scale ; 
for  in  this  eccentric  being  (which  in  its  character  approaches  fishes),  most 
of  the  characters  peciiliar  to  this  great  section  or  division  of  the  animal  king- 
dom are  wanting. 


ySBTEBBATE  AKIMALS.  22X 

nished  in  number,  and  in  aquatic  animals  liiis  is  obRerved 
chiefly  in  respect  of  the  poaterior  limbs,  whilst  in  land  animals 
it  is  the  opposite.  As  regards  the  modifications  the  limbs 
undergo,  the  reader  is  referred  to  §  289  to  295,  in  which 
sections  these  matters  are  fully  treated  of.  The  ciiudal  por- 
tion of  the  body  being  especiaUy  of  use  in  swimming,  is  more 
fully  developed  ip  fishes  than  in  other  animals ;  important  in 
the  action  of  flight,  it  presents  a  structure  sufiiciently  con- 
stant ;  whilst  in  terrestrial  animals  it  loses  much  of  its  im- 
portance, and  is  not  unirequently  wholly  absent. 

In  animals  low  in  the  scale  of  the  vertebrata,  it  frequently 
h^pens  that  the  various  germs  or  distinct  nuclei  of  which 
the  pones  are  originally  formed,  do  not  coalesce,  but  remaining 
distinct,  cause  it  to  appear  a»  if  the  skeleton,  and  especially 
the  cranium,  were  formed  on  a  more  complex  plan  than  in 
the  higher  order  of  mammals.  This  however  is  not  the 
case,  since  they  are  all  formed  on  one  plan,  the  difference, 
which  is  only  seeming,  not  real,  depending  on  the  non- 
union of  the  separate  germs  or  nuclei  composing  the  bones 
in  every  young  animal.  It  is  in  fishes  and  reptiles  that  we 
find  this  most  to  prevail,  and  hence  the  difficulty  of  reducing 
the  separate  pieces  to  their  analogues  in  the  higher  animals, 
and  especially  in  man. 

§  384.  It  is  the  nervous  system,  and  especially  its  central 
poilion,  which  is  most  highly  developed  in  mammals ;  they 
surpass,  probably  for  this  reason,  in  sensibility  and  intelli- 
gence all  other  animals. 

The  cerebro-sjMnal  axis  has  in  all  the  same  general  form 
and  relations  as  in  man.  Situated  on  the  dorsal  aspect  of  the 
body,  and  above  the  digestive  tube,  protected  by  the  cranium 
and  vertebral  column,  it  consists  uniformly  of  a  brain,  com- 
posed of  two  hemispheres,  two  optic  lobes,  a  cerebellum>  and 
a  spinal  marrow ;  these  sti*uctiu%s  seem  to  become  smaller 
and  more  simple  as  we  descend  from  man  to  fishes.  The 
nerves  of  relation  are  generally  arranged  as  in  man ;  arising 
or  connected  centrally  with  the  cerebro-spinal  axis  from  a 
double  root,  on  the  posterior  of  which  is  a  ganglion,  they 
ibrm  the  nerves  of  sensation  and  motion,  with  consciousness. 
The  nerves  of  the  viscera  are,  on  the  other  hand,  connected 
with  the  sympathetic  or  ganglionary  system,  biit  this  system 
establishes  relations  with  the  cerebro-spinal  axis  by  means  of 
numerous  filaments  of  communication  with  the  nerves  of 
sensation  and  motion. 
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Finally,  the  organs  of  sense  are  always  five  in  number,  and 
their  arrangement  is  much  as  in  man. 

§  385.  The  digestive  apparatus  presents  but  few  im- 
portant differences  in  this  ereat  division  of  the  animal  king- 
dom ;  the  orifices  of  the  digestive  tube  are  alwavs  remote 
from  each  other ;  the  jaws  move  vertically  or  in  the  axis  of 
the  body,  and  not  laterally,  as  in  the  annulajba ;  the  intestine 
is  secured  in  the  abdomen  by  a  mesentery  (§  45):  and  the 
chyle,  the  product  of  digestion,  is  absorbed  b^  peculiar  ves- 
sels, which  convey  it  into  the  veins,  and  thus  into  the  mass 
of  blood. 

§  386.  The  blood,  much  richer  in  globules  and  redder 
than  in  other  animals,  reaches  the  heart  by  the  veins.  It 
enters  an  auricle,  then  passes  into  a  ventricle,  and  by  its 
means  is  wholly  or  in  part  transmitted  to  the  organs  of 
respiration,  the  lungs.  In  general;  the  blood  returns  to  the 
heart  before  its  transmission  to  other  parts  of  the  body ;  but 
sometimes  it  proceeds  directly' to  these,  and  its  circulatory 
movement  is  determined  in  some  cases  by  an  auricle  and 
ventricle  only;  in  others,  by  two  auricles  assisted  by  one 
ventricle ;  and  in  others,  by  a  heart  composed  of  two  auricles 
and  two  ventricles  (§  107, 108, 109).  The  respiration  in  this 
class  of  animals  takes  place  in  a  cavity  of  the  body  internally, 
but  it  is  not  always  aerian,  as  in  man,  being  performed  some- 
times by  lungs,  sometimes  by  gills. 

Of  the  secreting  organs  found  in  man,  there  are  two  which 
are  always  present  in  the  class  vertebrata :  these  are  the  liver 
and  kidneys.  The  presence  of  a  pancreas  and  spleen  is  also 
very  uniform. 

§  387.  Nature  thus  seems  to  have  followed  one  plan  in  the 
construction  of  the  vertebrata,  yet  they  differ  much  from  each 
other,  and  hence  the  necessity  for  subdividing  this  ^reat 
primary  division  into  five  classes:  namely,  mammals;  birds; 
reptiles;  batrachia;  fishes. 


OF    THE   CLASS  MAMMALIA. 

§  388.  This  class  is  composed  of  man,  and  of  all  the  ani- 
mals which  most  nearly  resemble  him  in  the  most  important 
points  of  their  organization.  By  their  proximity  and  utility 
to  man,  their  higher  intelligence  and  organization,  they  natu- 
rally place  themselves  at  the  head  of  all  that  lives. 


f  THE  CLASS 


For  the  moat  part,  a  mammal  maj  readily  be  .distinguiehed 
from  eviiry  other  aoimal  by  it>i  external  characters,  even  by 
the  uneducated;  but  not  always,  for  to  this  day  euch 
peraoDs  roiatake  ft  porpoiae  or  a  whale  for  a  fish,  tban  whicb 
there  cannot  be  a  greater  error  in  point  of  Saet, 


Fig.  170.— Parpoiu.  or  Common  DalpUn. 

§389.  DeveUtpmentof  the  Function  of  Lactation. — That 
which  perhaps  is  the  most  remarkable  in  the  history  of  the 
mammals  is  their  mode  of  lactation,  by  which  is  meant  the 
mode  of  nonriahment  of  tlie  young.  They  are  viviparous, 
and  the  young  from  birth  depend  immediately  on  the 
nourishment  they  receive  from  the  mother;  unlike  the 
ovipara,  which  are  at  birth  all  but  wholly  independent  of 
their  parent,  in  respect  at  least  of  nonriahment. 

The  milk  intended  for  the  Douriahmeut  of  the  yoang  is 
formed  of  water  holding  in  solation,  sugar  of  milk,  caaein, 
some  aalta,  with  a  little  free  lactic  acid,  holding  in  suspen- 
sion globules  of  butter.  Its  qualities  vary  in  different  ani- 
maU,  and  may  be  modified  by  the  food  of  the  mother.  By 
evaporation  it  leaves  from  ten  to  twelve  solid  parts  of  one 
hundred. 

The  secreting  glands  of  this  alimentary  fluid  are  the 
mammfe,  of  which,  in  the  male,  there  exiat  only  the  rudi- 
menta.  They  are  peculiar  to  the  clasa  mammals,  and  hence 
their  name.  Their  number  is  in  relation  to  that  of  the  young. 
In  apes,  the  elephant,  goat,  hare,  there  ar"  '""  '"  ''  " 
horses,  doe,  t^-  - '—  --'<--  —^  -- 
rabbit,  ten ! 

fourteen.  They  vary  also  in  their  poaitioi 
bats  they  are  placed  on  the  chest,  as  in  woman ;  m  most 
camivora,  they  are  situated  on  the  abdomen  aa  well  as  on  the 
thorax ;  and  in  the  mare,  i»w,  ewe,  Ac.,  tJiey  are  placed 
still  further  back,  close  t<i  the  MtJculations  of  the  hinder 
extremities. 


8!il  zoo  LOST. 

Ill  Bome  the  young  are  bom  with  the  eyes  open,  and  are 

ready  at  once  to  Heek  their  nourishment ;  hut  a  great  numher 
are  horn  with  the  e;e«  closed,  and  in  a  etate  of  great  feehle- 
neuB,  n>  that  they  can  scarcely  move ;  and  some  bSng  bom  ae 
it  were  before  their  t«rm,  could  not  live,  were  they  not  to 
attach  themselyes  to  the  tit  of  the  mother,  to  which  they 
remain  aa  it  were  suspended.  To  such  auimala  generally, 
thus  imperfectly  developed  at  hirth,  the  int«^inteats 
of  the  lower  (art  of  the  belly  form  a  pouch  in  front 
of  the  mammte.  in  which  the  young  are  lo^ed  for  a 
time.      This   structure   clmracterizes   the   oposBuma   of  the 


Fig.  171.— The  Opoitum. 
New  World,  and  the  kangaroo  and  other  marsnpial  animals 
of  Australia.  The  young,  placed  in  this  pouch  by  the  mother, 
attach  themselves  each  to  a  nipple,  and  remain  suspended 
there  until  sufficiently  strong  to  leave  the  pouch,  to  which, 
however,  they  return  as  to  a  place  of  safety,  nnti)  sufficiently 
grown  to  act  for  themselves. 


OF  THB  CUB8  IfAMUALIA.  225 

§  390.  Inteffumenti. — In  a  certain  namber  of  mammalB  the 
■kin  is  nuked— that  is,  it  is  liot  secured  from  harm  by  any 
protecting  organs, — but  in  the  greater  number  we  And  /tairs ; 
uidso  coiisUiit  is  this  fact,  that  M.  de  Blainville  proposed  to 
name  them  piliferes,  in  cuntradisti action  to  pennifires  and 
squaiantiferei — that  Ih,  birds  and  fishes. 

The  hairs  are  Ibrmed  by  small  Recreting  organs  lodged  in 
the  skin,  or  immediately  beneath  it.     Each  hair  is  funned  in 


eating  entcrnalty  by  a  8mall  opening;  this  pouch  is  termed 


f-J.— The  Porvupine, 

the  capsule.  The  interior  of  this  cavity  is  lined  by  a  mem- 
brune.  sometimes  reddish,  soraetimes  diversely  coloured,  and 
considered  tt)  be  a  coutinuatiou  of  the  re/e  inueoi«i«  of  the 
akin ;  and  at  the  lower  part  of  this  capsule  is  a  conical  papilla 
or  bourgeon,  which  receives  the  nerves  and  bloodvesaels,  and 
which  forms  the  hair.  The  subatanca  forming  the  liair  has 
the  greatest  amilogy  to  dried  mucus.  Under  the  microscope 
the  hairs  neernto  be  formed  of  small  cones  or  comets  Jointed  into 
each  other ;  but  generally  thej  resemble  a  simple  horny  tube. 
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filled  with  a  pulpy  matter.  They  vaiy  in  form,  beinff  in  most 
animals  cylindrical,  and  larger  at  their  base  than  at  their  sum- 
mit ;  in  others  more  or  less  flattened  or  lamellated,  like  sprigs 
of  grass;  sometimes  their  surface  is  smooth,  sometimes 
roughened  with  asperities,  or  having  a  moniliform  aspect; 
finsilly,  they  differ  in  form  and  elasticity,  not  only  in  different 
animals,  but  even  in  different  parts  of  the  same  animal. 

From  these  circumstances,  the  names  given  the  hairs  differ, 
being  called  barbs,  or  quills,  or  bristles,  or  simply  hair.  Wool 
is  a  sort  of  hair,  very  long  and  tortuous ;  fur  is  a  still  finer 
form  of  hair  concealed  beneath  a  covering  of  ordinary  hair. 

The  colour  of  the  hair,  which  varies  so  much,  may  yet  be 
referred  to  modifications  of  white,  black,  brown-red,  and 
yellowish ;  it  seems  to  depend  on  the  presence  of  a  coloured 
fat,  soluble  in  boiling  spirits  of  wine ;  when  this  is  extracted 
by  the  action  of  the  sft)ove  solvent,  the  hair  becomes  of  a 
greyish  yellow  colour.  In  white  hair  a  white-coloured  oil 
is  K)und,  and  in  red  hair,  oil  of  a  reddish  colour ;  in  black 
hair  a  blackish  oil,  somewhat  blue,  from  the  presence  of  sul- 
phuret  of  iron.*  Sometinies  the  hairs  have  the  same  colour 
throughout  their  whole  length  ;  sometimes  they  are  darker  at 
their  base  than  towards  their  summits,  and  sometimes  they 
present  a  series  of  white  and  coloured  rings.  Moreover,  their 
colour  varies  much  in  different  parts  of  the  body,  and  the 
general  disposition  of  these  tints  constitutes  what  is  nominally 
called  jthe  robe  {pelage).  Generally  the  colours  are  much 
darker  towards  the  back,  and  when  there  are  spots,  these  are 
almost  always  disposed  symmetrically  on  the  sides — that  b, 
so  long  as  domestication  does  not  exercise  its  influence,  for 
then  the  colouring  of  the  robe  presents  often  the  greatest 
irregularity. 

The  robe  is  generally  the  same  in  both  sexes,  and  generally 
varies  but  little  at  different  ages.  Yet  in  some,  the  yoimg 
have  spots  and  a  variety  of  shades,  which  disappear  m  the 
adult,  and  it  not  unfrequently  happens  that  the  colour  of  the 
mammal  changes  with  the  seasons. 

Generally  the  haira  fall  annually,  in  spring  time  or  in 
autumn,  to  be  replsujed  by  others.  This  kind  of  moulting 
occasionally  occurs  independent  of  any  great  change  in  the 

*  There  exists  also  in  different  kinds  of  hair,  sulphur,  which  may  readily 
cdmbine  with  lead  to  form  coloured  sulphnrets.  It  is  in  this  way  that  the 
hair  may  be  dyed  bv  the  use  of  leaden  combs,  or  by  the  application  of  salts 
of  lead,  mercury,  &c.,  the  sulphuret  which  is  then  formed  being  of  this 
colour. 
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colour  or  chitrscter  of  the  hair ;  in  other  animals  it  ia  di£erent. 
The  common  sqairrel,  for  eiample  (Pig,  100),  whose  robe  ia  of 
a  deep  red  in  summer,  becomes  of  a  fine  grejiah-blue  tint  in 
vint«r.     It  is  at  this  eeasoa  that  the  hair  of  mammals  be- 


Fi(.  173.— The  Pmgolin. 

comes  much  thicker,  having  underneath  the  fur  in  much  lanrer 
quantity.  Climate  also  plays  its  part  in  modifying  the  fur 
or  hairy,  covering  of  the  skin ;  heiiue  we  seek  in  cold  climatas 
chiefly  for  the  skins  of  animals  supplying  the  valuable  furs  of 
commerce :  Siberia  aod  North  America  are  the  true  fur  cohd- 

When  the  hairs  grow  extremely  close  together,  thej  seem 
to  become  matted,  and  to  form  those  horny  plates  covering 
the  bodies  of  some  mammals,  aa  the  pangolins  (Fig.  173)  and 
the  cnirass  of  the  armadillp.  Anatomists  also  consider  nails 
and  horn  as  having  the  same  origin. 

§  391.  Tke  Skeleton.— The  general  form  of  the  body  is 
determined  by  the  skeleton,  but  this  must  not  be  extended 
to  the  outline  in  every  instance ;  the  hump  of  the  camel,  and 
the  dorsal  fins  of  whales,  are  not  supporUd  internally  by  any 
portion  of  the  skeleton  (Fig.  174).  The  skeleton  prenentJi 
always  the  greatest  analogy  with  the  human,  which  we  have 
already  studied  (§269,&c.)  The  differences  may  be  reduced, 
1st.  To  the  absence  of  the  abdominal  limbs  in  the  fish-shaped 
mammals  called  cetacea  (Fig.  170).  2nd.  In  the  diminution 
of  the  number  □rthelingerBandt«eB,and  the  absence  of  collar 
bones  in  those  in  whom  the  limba  serve  merely  aa  inetniments 
of  precession  and  support.  3rd.  To  some  varieties  in  the 
number  of  the  vertebra,  especially  of  the  caudal.  4th.  In- 
equalities in  the  relative  size  of  various  bones. 

§  393.   Conformal{>»i  of  tie  Sead.—Jn  the  form  of  the 


OBgeouB  head,  the  siie  of  the  cranial  capacitj,  compared  with 
the  area  of  the  face,  ia  supposed  to  he  in  the  ratio  of  the  in- 
telligence, with  certain  exceptions;  an  we  recede  from  man, 
the  lace  becomes  comparative! j  larger,  and  the  cerebral  cavity 
smaller,  proportionally  to  the  face;  the  orbits  are  directed 
more  outwards,  and  ceane  to  be  distinct  from  the  temporal 
foBSie;  and  the  occipital  condyles,  which  in  man  are  found  at 
the  base  of  the  cranium,  and  which  form  the  plane  by  which 
the  head  rests  on  the  vertebral  colamn,  recede  more  and  more, 
until  they  come  to  be  placed  almost  oft  a  line  with  the  aii»  of 
the  body.  The  same  happens  with  the  jaws.  Still,  we  find 
always  the  same  bones,  the  name  fonn  ol'  articulation  of  the 
lower  jaw ;  between  its  condyles  and  the  teniporal  bone  there 
is  no  intermediate  bone',  as  in  birds,  reptiles,  batrachia,  and 
fishes. 


Tig.  17*.— Skeleton  utlba  C»in«l.    (See  |Hige  IM.) 
§  393.  Various  mammalH  are  previdcd  with  horns.   These 
are  sometimes  moie  appiidages  of  the  skin,  and  seem  to  be 
Ibrmed  of  the   hair   matted  together;   this  is  the  case  as 
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regards  the  liorn  or  homs  of  the  rhino<»tos ;  but  fienerally  it 
is  otherwise,  and  it  is  a,  pralongutiun  of  the  I'runtal  bones, 
which  Ibrms  the  axin-ofthe^  horns.  All  liiitminali<  provided 
with  auuh  horns  are  rominanbt.  SumetimeB  the  ohmous  pro- 
tubeniiioe  remains  covered  with  the  common  in teKainent,  and 
contiiiiiea  bo  ;  tbi^  happens  in  the  giraffe  (Fig.  217).  In  some, 
the  skin  which  covers  the  osseousi  core  or  axiii  disxppeara, 
and  leaves  the  bone  exposed;  whicli,affer  being  so  tor  a  time, 
folU  or  is  tlirown  off,  to  be  replnced  annually  bj  another 
l^wth :  such  are  called  antler*,  and  are  found  onl;  in  the 
deer  kind  (Fig.  177);  finally,  in  others  the  iisseous  axis  is 
never  shed,  buteontinuestogrow  during  the  life  of  the  animal, 
covei-ed  with  a  kind  of  sheath  compos^-d  of  an  elastic  sub- 
stance, especially  called  horn,  which  grows  by  layers,  and  i» 
analogous  to  nail  and  hair.  The  term  iollow  hurita,  i»  given 
to  h<>ms  thus  covered  with  a  homy  sheath,  formed  seemingly 
of  agglomerated  hairs,  and  found  in  different  species  of  the 


Fig.  176.— Hhimoceret  of  Indin. 

goat  (Fig.  176),  ox,  sheep,  and  antelope.  It  ought  further  to 
be  remarked,  that  in  all  these  animals,  with  the  exception  of 
the  antelope,  the  osseous  aiisof  thehoin  is  holbjwed  out  into 
cells  communicating  with  the  frontal  siunses,  and  thus  re- 
ceiving into  their  interior  the  external  ajr. 

The  mode  of  formation  of  the  horns  called  antlere,  is  as 
follows :  — At  a  certiun  i^  there  appears  a  growth  of  bone  on 


the  frontal  bone,  rwembling  what  medical  mm  call  an  eios- 
tosU,  or  the  calloa  of  Iractured  bones.  Theae  protuberancea, 
whidi  are  very  compact,  grow  rapidtj,  and  carry  the  integn- 
menta  with  them;  they  are  also  very  Taacalar.     Alter  a 


ng.  ITS.— H«d  of  the  a«t.  I^.  177.— Hnd  of  Ibe  Elud. 

time,  a  aeriee  of  osseoiis  tuberolen  b^n  to  form  around 
the  baee  of  the  oaaeoua  horn,  which  increaaing,  obllterateB  the 
bloodTceaelH,  thus  cutting  off  the  supp'y  of  btoud  to  the 
integumentK  covering  the  antlers.  The  integuments  drop 
off  conaeqaently,  and  disappear,  leaving  the  antler  itself  ex- 
posed. And  now  the  antler  itself  dies,  a.i  it  were  necrosed, 
and  ends  by  being  detached  Irom  the  cranium.  Td  twenty- 
four  hours  after  this,  a  thin  pellicle  covers  the  surface  from 
wbich  the  antier  had  been  detached,  and  soon  a  new  pro- 
longation begins  to  grow  in  the  place  of  the  one  which  has 
been  shed.  Generally,  the  new  antler  is  great«r  than  that  to 
which  it  succeeds,  and  its  branches  are  lat^r  and  more  du- 
meroua ;  but  it  is  of  no  longer  duration  than  the  first,  and  it 
undergoes  the  same  changes. 

With  one  exception,  the  rein-deer,  antlers  grow  only  in  the 
male.  The  phenomenon  hax  obvious  sympathies  with  the 
organs  of  reproduction,  for  they  persist  for  more  than  a  year 
in  those  animals  in  which  the  rut  does  not  come  to  a  crisis 
and  is  limited.     It  is  periodic,  and  occurs  in  the  spring. 

S  394.  The  extension  of  the  nose  in  the  elephant  into  a 
flexible  and  dexterous  proboscis  is  a  modiflration  of  the  oigan 
well  deserving  notice.  The  proboscis  of  the  elephant  is,  in 
fact,  an  extension  of  the  nostrils,  forming  a  double  tube,  and 
fitted  to  perform  the  office  of  a  hand  and  a  nose.  By  it  water 
and  food  are  conveyed  to  the  mouth,  and  a^'  to  tiie  lungs; 
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a  fibro-tendinouB  membrane  Udm  it  throughout,  and  to  this 
and  to  the  forehead  and  integuments  are  attached  thooBandb 
of  small  moscles,  so  arranged  as  to  elongate  and  shorten  the 
iuatrument  in  every  uonceivable  manner.  A  cartilaginous 
and  elastic  valvule  eiiata  superiorlj,  so  a»  to  cutoff,  at  the 
will  of  the  animal,  all  communication  between  the  proboscis 
and  the  tme  nostnls  superiorly;  a  finger-like  appendage  ter- 
minates thia  remarkable  iuBtrument  inferiorlj.     The  enor- 


Fig.  178.— Ekphunt  o 
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mous  weight  of  the  head  renders  a  proboscis  necessary  to  the 
existence  of  the  animal,  without  which  it  could  neither  feed 
nor  drink. 


Fig.  179.— Head  of  the  Tapir.  Fig.  180.— The  Desman. 

The  elephants  are  the  only  animals  which  have  a  proboscis, 
but  there  are  others  in  which  the  nasal  organs  are  prolonged 
into  something  analogous.  Such  are  the  tapirs  (Fig.  179). 
The  desmans  (Fig.  180),  small  insectivorous  animals,  allied 
to  the  musaraigneSi  but  adapted  for  swimming  with  ease, 
and  searching  for  their  food  at  the  bottom  of  burrows  dug  in 
beaches,  present  a  similar  elongation  of  the  nostrils. 

§  395.  The  Trunk. — The  vertebral  column  presents  but 
slight  modifications  in  the  vei-tebrata,  and  these  afe  chiefly 
confined  to  a  difference  in  the  number  of  the  vertebrae. 
Again,  this  difference  is  chiefly  remarkable  in  the  caudal  or 
coccygeal  part  of  the  column ;  in  some,  as  in  bats  of  the 
genus  roussette,  there  exist  no  coccygeal  vertebrae  whatever ; 
in  other  mammals,  they  number  forty,  fifty,  and  even  sixty ; 
and  in  these  we  also  find  this  distinction, — that  the  vertebral 
canal  for  lodging  the  spinal  marrow  and  a  portion  of  its 
nerves,  still  exists  in  some  of  these  bones,  whilst  in  the  termi- 
nating ones  it  is  wholly  absent.  In  most  mammals  the  caudal 
part  of  the  column  is  but  little  used  for  locomotion  :  in  the 
kangaroo,  jerboa,  &c.,  it  becomes,  with  the  hinder  limbs,  a  sort 
of  tripod,  from  which  the  animal  springs  with  'great  force 
(Fig.  87) ;  many  American  apes  use  the  tail  as  a  prehensile 
organ  of  great  power,  as  a  fifth  hand  in  fact,  by  which  they 
dexterously  cling  to  branches  of  trees  (Fig.  93);  finally,  in  the 
oetacea  it  becomes  enormous,  and  serves  as  their  great 
moving  agent  in  swimming.  It  is  beneath  the  bodies  of 
these  caudal  vertebrae  that  we  find  the  bones  shaped  like 
the  letter  V,  which  seem  to  serve  as  ribs  to  strengthen  the 
flexor  muscles  of  the  tail  (Fig.  181).  The  length  of  the  neck 
varies  also  in  mammals,  although  the  number  of  cervical 
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vertebrfe  in,  with  few  exceptions,  the  same  in  all.  The 
ciL-eptioiiB  are  theai,  which  hiL9  nine,  and  the  laman tin,  which 
hu-s  six.  The  i^iratfe  and  whale,  upuosed  ae  they  are  in 
respect  of  length  of  neck,  have  preoiselj  the  same  number  of 
cervical  vertebrie. 

§  3!i6.  The  conformation  of  the  thorax  or  cheat  varies 
little;  the  number  ol'ribii  is  generally  from  twelve  to  fourteen 
pairs;  in  the  home,  however,  there  are  eighteen,  and  in  the 
elephant,  twenty  pairs.  The  sternum,  which  in  general 
i«  flat  and  smooth,  is  raised  into  a  crest  in  the  Imts,  as 
if  to  accommodate  the  greatly  increased  depressor  muscles 
of  the  wings,  thus  adapting  the  animal  for  flight,  sn 
arran-^ment  we  find  canned  to  its  highest  eirtent  in  birds. 
In  all  this  class,  a  muscular  diaphragm  separates  the  cavity  of 
the  chest  from  the  abdomen. 

§  397.  JLimbi. — In  all  mammaU,  with  the  exception  of 


Tig.  131  —Skeleton  ors  Cetueoni  AniinBl  (the  Dugnn);).* 
the  cetacea,  there  are  four  limbs;  ttvo  thoracic,  and  two  abdo- 
minal or  pelvic.  Ill  the  eetac«a  there  are  only  two,  the 
thoracic.  They  are  uniformly  composed  of  a  basilar  portion  or 
base,  followed  by  three  principal  segmenta  or  portions  respec- 
tively, thus :  the  arm  and  thigh,the  fore-arm  and  leg,  the  hand 
and  loot.  The  basilar  portion  of  the  anterior  or  pectoral  extre- 
mity is  the  shoulder  blade,  or  bone  called  scapula,  whose 
form  varies  much  according  tj)  the  character  of  the  movement*! 
of  the  animal.  In  animals  which  use  their  pectoral  extremi- 
ties as  instruments  of  [irehension  as  well  as  suprwrt,  the 
scapuliB  are  secured  in  their  place  by  two  bones  which  rest  on 
the  sternum;  these  are  the  collar  bones  (Fig,  81);  but  in 
such  animals  as  the  horse,  using  its  anterior  limbs  wholly  for 
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pn^reMimi  and  not  preheruiou,  the  collar  bonee  are  either 
altt^cther  wantJng  or  reduced  to  mere  vestiges.  Some  very 
Bingular  and  uiomalouB  animals,  also  mammals,  do  doubt, 
differ  widely  in  manj  respects  fiom  the  ordioarj'  organi- 
zation, and  ID  none  more  than  what  concerns  the  structure  of 
the  shoalder;  we  allude  to  the  omithorhynchus  paradoxus 
and  echidna  setosa,  of  New  Holland.  In  these  the  skeleton 
of  the  shoulder  more  resembles  what  we  find  in  lizards  and 
in  birds  than  in  mammals. 

The  arrangement  of  the  bones  of  the  shoulder  in  these 
ungular  animals  will  he  best  understood  by  a  reference  to 
Fi^.  182,  in  which  d  points  t«  two  bones  on  each  side  (of 
whiuh  one  is  not  represented  here)  corresponding  to  tie 
usual  collar  bones  of  mammals ;  a  points  to  the  scapula ; 
A  to  the  cavity  for  the  articulation  of  the  head  of  the  fan- 
mems;  o  the  prolongation  of  the  scapula  to  the  sternum, 
anali^ous  to  the  coracoid  clavicle  of  birds;  co  an  osseous 
pie«e,  theanalwue  of  which  has  not  been  determined;  *  and  c 
point  to  the  ribs.  The  meaning  of  this  complexity  of  the 
shoulder  in  this  class  of  animals  has  never  yet  been  ex- 
plained. 

The  functions,  of  the  basilar  portion  of  the  sheleton  of  tbe 
abdominal  or  hinder  limbs,  varies  less  than  does  that  of  the 
pectoral.     In  the  cetacea,  also  in  the  dugong  and  lamantin. 


Pig.  IBS.  Fig.  183. 

is  reduced  to  a  mere  fragment;  in  other  mammals, 
of  the  haunches  (i)  articulate  in  an  immovable 


manner  with  the  sacrum  (*a),  and  reoniting  inferiorly,  form 
s  girdle  or  pelTis,  thos  lurroandiiig  the  lover  portiou  of  the 
trunk.     The  form  aad  dimeusiooa  of  this  ginue  vaiy  much. 


Fig.  IM.— The  ChunoiB. 

and,  cceterit  parifrut,  the  erect  position  on  the  lover  limbs  is 
easier  an  the  pelvis  is  larger.  It  must  also  be  remarked,  that 
in  the  opotaumt  and  other  marsupial  animals,  the  muscles  of 
the  abdomen  MHiHting  in  the  formation  of  the  pouch  of  these 


FJ(.  18S.-The  Uola. 


V  attached  to  two  peculiar  bonwi  articalat«d  to  the 
irtg  of  the  pelvis,  aaiJ  "  '  """  •----■  ■  ■' 
buDN*  (Fig.  183  m). 


\^ 


Anterior  Limb  ftnd  Huid, 
Fig.  IM, 


Id  the  arm  and  thigh  in  all  mainmals  there  is  but  one 
bone,  the  humerus  and  the  femur;  in  the  fore-arm  and  leg, 
tiro  bones — the  radiun  and  alna  in  the  fore-aim,  the  tibia  and 
perune  or  fibula  in  the  teg.  In  bats  there  is  a  rotiila  in  the 
arm  as  well  na  in  the  leg.  Generally,  these  leg  and  arm  bones 
are  short  and  strong,  or  long  and  slender,  according  to  the 
habits  of  the  animal.  The  mole  and  chamois  may  serve  a« 
the  examples  of  this  modification:  strength  characterizes  the 
actions  of  the  mole,  and  swiftness  those  of  the  ohamoia. 
When  the  hand  no  longer  serveB  for  prehension,  but  merely 
for  Kiipp:irt,  the  radius  loses  its  power  of  rotation  on  the 
ulna,  and  ends  by  unilinj^  with  it  so  intimately  as  to  be  no 
longer  distinguished  from  it.  In  the  solidunguloua  animals, 
the  same  happens  with  the  fibula  and  tibia. 

The  foot  and  hand  vary  in  mammals,  according  as  they 
are  used  for  prehension,  swimming,  flight,  or  walkins  on 
ground  more  or  less  firm.  These  circumstances  have  been 
idready  alluded  to.  The  fingers  or  toen  are  never  more  than 
five,  and  their  number  diminishes  according  as  the  extremity 
is  more  exclusively  used  for  simple  progression. 

§  398.  Organs  of  the  Senses.— TiiB  perfection  of  tbf 
fingers  atad  toea  as  instruments  of  touch  seems  to  depend  od 
the  fineness  of  the  integuments,  the  form  of  the  nail,  and  the 
flexibility  of  the  instrument.  In  this  respect  man  atan^  pre- 
eminenti  in  accordance,  no  doubt,  with  his  higher  intelligence 
(Fig.  85).  *  ^^ 

*  ThsM  boars  ire  pment  whethw  tbe  poniA  be  Ibere  or  not.— B.  K. 
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§  399.  The  organs  of  the  other  senses  are  also  analogous 
in  all  the  mammals  to  those  of  man.  In  those  remarkable  for 
the  fineness  of  their  powers  of  smell, — the  dog,  for  example, 
— the  nasal  fossse  and  frontal  sinuses  are  much  enlarged,  and 
the  turbinated  bones  of  the  nostrils  are  greatly  developed, 
thus  extending  the  surface  of  the  pituitary  membrane,  on 
which  the  nerves  of  smell  are  distributed. 

§  400.  In  nocturnal  animals,  the  eyes  are  generally  larger 
than  in  the  diurnal ;  and  in  the  former  the  pupil  of  the  eye, 
when  contracting,  assumes  the  form  of  a  fissure,  losing  its 
circular  character.  In  moles,  whose  residence  is  underground, 
the  eyes  become  extremely  small,  and  seem  in  some  to  be 
mere  vestiges  or  rudimentary  organs ;  in  the  aquatic  mam- 
mals, the  lens  is,  for  an  obvious  reason,  spherical.  In  many 
mammals  there  exists  a  coloured  part  of  the  choroid  tunic  of  the 
eye,  called  tapetum,  the  uses  of  which  are  unknown.*  Many 
have  a  third  eyelid  placed  vertically  at  the  inner  angle  of  the 
horizontal  eyelids.  Finally,  the  direction  of  the  eyes  varies 
much :  in  man  they  are  directed  forwards ;  but,  as  we  descend 
in  the  scale,  the  direction  becomes  more  and  more  lateral, 
and  the  animal  can  no  longer  see  directly  before  him :  the 
sphere  of  vision  for  each  eye  must  therefore  be  distinct. 

§  401.  The  organs  of  hearing  offer  some  modifications  in 
relation  to  the  habits  of  the  animal.  In  aquatic  mammals 
the  external  ear  is  small,  or  rudimentary,  or  absent ;  in  the 
herbivora  it  assumes  the  form  of  an  ear-trumpet,  becoming 
more  and  more  detached  from  the  head,  and  fitted  thereby  to 
perform  the  functions  of  an  acoustic  tube.  In  the  nocturnal, 
the  memhrana  tympani  occupies  more  space,  and  is  nearer 
the  surface. 

§  402.  NervotLS  System, — As  regards  the  nervous  system, 
in  mammals  it  differs  only  in  respect  of  the  more  or  less 
development  of  its  various  parts.  In  all,  the  encephalic  part 
is  very  considerable,  whether  viewed  proportionally  as  regards 
the  nerves  or  the  bulk  of  the  body  of  the  animal ;  but  all  the 
organs  composing  it  do  not  contribute  to  this  development : 
thus,  the  cerebral  hemispheres  are  very  large,  whilst  the 
optic  thalami  may  be  very  small,  or  even  rudimentary;  the 
reverse  of  what  happens  in  birds,  reptiles,  and  fishes.  The 
cerebellum  is  also  generally  large  in  mammals,  and  is  com- 
posed of  a  median  portion  (processus  vermiformis  superior), 

*  The  glarinff  of  the  eyes  in  the  dark  depends  en  the  presence  of  this 
tapefum;  its  colour  varies  in  different  animals.— B.  K. 
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of  two  hemispheres,  and  of  a  oommissiire,  surronnding  the  me- 
dulla spinalis  superiorly,  the  annular  protuberatice!  More- 
over, many  differences  exist  among  mammals  in  respect  of 
these  organs,  as  well  as  r^ards  the  depressions  and  circum- 
volutions on  the  surface  of  the  hrain.  As  we  descend  from 
man  to  apes,  from  these  to  the  camivora,  and  from  the  car- 
nivora  to  rodents,  the  brain  generally  becomes  smaller  and 
smaller,  and  smoother.  The  face  also  is  developed  in  an 
inverse  ratio  to  that  of  the  brain,  and  the  measure  of  the 
intellectual  faculties  may  be  guessed  at  b}'  observing  this 
increasing  size  of  the  face  as  compared  with  the  brain. 

In  the  marsupialia  and  monotremes,  the  brain  seems  still 
further  degraded,  by  the  absence  of,  or  at  least  the  rudimen- 
tary state  of,  the  corpus  callosum,  which  in  all  other  mam- 
mals unites  the  hemispheres  of  the  brain  to  each  other. 

§  403.  Functions  of  Nutrition, — The  functions  of  nutri- 
tion resemble  each  other  throughout  nearly  the  whole  of  the 
class ;  the  digestive  tube  is  the  organ  which  shows  the  most 
remarkable  variety  in  its  arrangements. 

Nearly  all  have  teeth  (§  53),  which  vary  in  number  and 
form,  in  accordance  with  the  kind  of  food  they  live  on.  But 
they  may  be  replaced  by  whalebone,  as  in  certain  of  the 
cetacea  (Figs.  13  and  14),  or  by  a  homy  bill,  as  in  the  omi- 
thorhynchus  paradoxus ;  hence  the  name. 

§  404.  The  stomach  is  usually  simple,  as  in  man  (Fig.  24) 
and  the  ape  (Fig.  4) ;  but,  as  in  ruminants,  the  organ  may 
be  subdivided  into  a  number  of  compartments,  from  the  first 
of  which  the  food,  after  remaining  a  certain  time  there,  re- 
turns to  the  mouth  by  the  gullet,  to  be  remasticated  (rumi- 
nation), and  thence  transmitted  into  the  following  compart- 
ments, without  again  passing  into  the  first. 

These  stomachs  in  ruminants  are  four  in  number.  The 
first,  which  is  the  largest,  is  called  the  paunch  (Fig.  187) ; 
its  surface  is  furnished  with  papillae  and  an  epidermic  cover- 
ing (Fig.  188) ;  it  fills  a  large  part  of  the  left  side  of  the 
abdominal  cavity^.  The  second  stomach,  called  the  king's 
hood,  is  small,  and  looks  like  an*  appendage  of  the  paunch. 
But  it  differs  internally  (Figi  188),  being  composed  of  a 
number  of  folds  disposed  so  as  to  form  polygonal  cells  or 
cellules,  like  honeycomb.  The  third  stomach,  not  so  small  as 
the  second,  is  called  maniplus,  from  the  number  of  longitu- 
dinal folds  seen  in  its  interior ;  finally,  the  fourth  is  called  the 
rennet ;  its  property  of  curdling  milk  renders  it  remarkable. 
The  first,  second,  and  third  stomachs  communicate  directly 
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with  the  gullet,  which  indeed  seemB  to  open  equaUy  into  the 
first  and  iwcond.  After  being  ruminated,  the  food  descends 
from  the  gullet  into  the  third  stosiuuh  by  means  of  a  semi- 


Kg.  isr.— 

canal,  which  no  doubt  becoroea  complete  at  the  time,  thne 
directing  the  food  in  one  course  onlj,  diverting  it  from  the 
paunch  and  second  stomach ;  from  the  maniplua,  it  passes 
into  the  rennet  or  fourth  stomach,  in  which  cavity  digestion 
is  finally  completed. 


(EsoplugeKl  Qcoocc. 
MBD{p1u^  or  Third 


The  act  by  which  the  food  passes  when  first  swallowed 
into  the  paunch  and  thence  to  the  second  stomach,  but  which 
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on  being  ruminated  or  remasticated  descends  only  to  the 
third  by  means  of  the  cesophageal  canal,  is  not  an  act  of  intel- 
ligence, but  one  purely  instinctive,  and  perhaps  even  meclia- 
nical,  due  to  the  anatomical  disposition  of  the  structures. 
Food  of  the  size  it  is  when  first  swallowed,  opens  mechanically 
the  semi-canal,  by  which  the  gullet  communicates  with  the  first 
and  second  stomachs;  but  fluids  and  the  remasticated  food  being 
much  finer,  do  not  effect  this,  and  thus  pass  on  by  the  canal 
into  the  maniplus  or  third  stomach.  Rumination  is  generally 
ascribed  to  the  second  stomach,  but  it  appears  more  probably 
due  to  a  combined  action  of  the  first  and  second,  which,  by 
contracting,  forces  the  bolus  again  mto  the  gullet,  by  which 
it  remounts  to  the  mouth. 

The  paunch  is  of  very  great  size  in  the  adult  animal ;  in 
the  young,  whilst  living  on  the  milk  of  the  mother,  it  is 
smaller  than  the  rennet,  thus  showing  (?)  the  influence  the 
food  exercises  in  enlarging  the  capacity  of  the  organ. 

§  405.  The  capacity  and  length  of  the  intestines  are  much 
less  in  the  carnivora  than  in  the  herbivora,  being  in  many  of 
the  former  only  three  or  four  times  the  length  of  the  body ; 
whilst  in  the  sheep,  for  example,  it  is  nearly  eight  times  that 
length.  Generally  it  terminates  by  a  distinct  opening ;  in 
the  ornithorhynchus,  however,  the  anus  opens  into  a  cloaca, 
or  cavity,  in  which  terminate  also  the  urinary  organs,  resem- 
bling birds  in  this  respect.  The  salivary  glands,  the  liver, 
pancreas,  peritoneum,  and  its  appendages,  resemble  the  same 
organs  in  man. 

§  406.  The  more  essential  differences  exist  in  the  apparatus 
of  respiration  and  circulation;  the  heart  has  always  two  auricles 
and  two  ventricles  (§  92,  Figs.  30,  31) ;  the  lungs  are  always 
composed  of  cellules,  which  do  not  allow  the  air  to  escape  into 
the  other  organs  of  the  body,  as  in  birds.  The  blood  is  rich 
in  organized  matters,  and  the  form  of  the  globules'  circular 
(§  81,  Fig.  27). 

§  407.  We  have  already  shown  that  the  mammals  diflf^r 
widely  from  each  other  in  respect  of  intelligence  (§  337) ; 
and  the  various  instincts  bestowed  on  them  by  nature  to 
supply  the  deficiency  of  a  higher  intelligence  have  been 
already  alluded  to.  It  is  the  class  which  most  interests  man, 
including  within  it,  as  it  does,  so  many  of  our  domestic  ani- 
mals; the  horse,  ox,  sheep,  &c.  So  complete,  indeed,  have 
been  the  effects  of  domesticity  over  some  of  these  races  of 
animals,  that  the  primitive  race  seems  altogether  to  have 
disappeared.     The  moral  as  well  as  the  physical  characters  of 
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the  domesticated  races  are  thus  affected  and  altered.  The 
dog,  for  example,  so  varied  hy  domestication,  may  yet  have 
sprung  from  a  single  race,  neither  a  wolf  nor  a  jackall,  but  a 
do^  analogous  to  the  common  shepherd's  dog,  or  wolf-dog,  as 
it  IS  sometimes  called. 

The  power  by  which  this  complete  subjugation  of  a  race  of 
animals  is  effected,  seems  to  be  the  inspiring  them  with  con- 
fidence, by  kind  acts  and  uniformly  good  treatment.  We 
must  show  them  that  the  supply  of  food  depends  on  us ;  and 
if  to  that  we  add  food  of  a  choice  character,  artificial  wants 
are  thus  created,  which  the  animal  feels  man  alone  can 
gratify.  Hence  his  attachment  to  him;*  finally,  some  are 
extremely  fond  of  being  noticed  and  made  much  of. 

Confidence  and  dependence  on  man  being  once  established, 
fear  may  afterwards  be  superadded ;  but  this  must  be  done 
with  great  caution,  lest  it  excite  terror  and  disgust. 

But  all  mammal's  do  not  thus  readily  lay  aside  their  savage 
disposition,  being  either  less  confiding  or  less  sensible  to  axits 
of  kindness,  or  it  may  be  that  their  intellect  is  lower ;  but 
be  this  as  it  may,  it  is  evident  that  any  animal,  to  become 
completely  domesticated,  must  be  disposed  to  it  by  the 
instinct  of  sociability.  No  solitary  mammal  ever  becomes 
completely  domesticated,  however  readily  he  may  be  tamed.f 
Sociability  is  an  essential  of  complete  domesticity,  man  be- 
coming, as  it  were,  the  head  of  the  troupe.  A  disposition  to 
domesticity  may  be  considered  as  the  extreme  development 
of  the  instinct  of  sociability.! 

§  408.  Let  us  now  consider  the  moral  and  physical  influ- 
ences which  domesticity  exercises  over  the  domestic  races  of 
animals ;  how,  in  fact,  it  produces  new  varieties. 

The  physiological  law  of  hereditary  resemblances  holds 
true  in  all  animals,  man  included ;  the  young  resemble  theii* 
parents  in  conformation,  physical  and  mental  qualities,  and 
even  in  respect  of  disease  itself.  But  all  the  individuals  of  a 
race  do  not  possess  in  the  same  degree  the  same  qualities, 
moral  and  physical ;  and  hence  arises  the  possibility  of  giving 
to  certain  qualities  a  higher  and  more  constant  development. 
Within  certain  limits,  then,  man  may  modify  races,  by  regu- 
lating the  succession  of  generations,   selecting  a  type  or 

*  It  is  chiefly  bv  means  of  sugar  and  other  delicacies  that  horses  and  deer 
are  taught  those  extraordinary  tricks  exhibited  in  the  circus. 

t  The  cat  may  seem  an  exception  to  this  view,  but  in  fact  the  cat  is  never 
completely  domesticated. 

X  The  theory  of  domestication  is  one  of  extreme  difficulty. — E.  K. 

B 
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standard  for  the  new  variety  he  is  desirous  of  creating.*  By 
endeavouring  thus  to  develop  &om  generation  to  generation 
a  certain  physical  or  mental  quality,  we  render  such  qualities 
hereditary,  at  least  for  a  time. 

Even  in  our  own  times,  guided  hy  interest,  men  have  thus 
formed  new  varieties  of  sheep,  oxen,  and  horses.  To  Bake- 
well,  for  example,  we  owe  the  variety  of  sheep  called  New 
Leicester,  remarkable  for  their  fattening  qualities.  The  fore 
quarters  of  the  large  Wurtemburg  variety  of  sheep,  as  a 
valuable  sort  for  the  market  butcher,  weigh  from  52  to 
55  per  100  of  the  whole  weight;  in  the  New  Leicester 
or  Dishley  breed,  the  weight  amounts  to  70  or  even  75.  It 
must  be  known  to  all  how  the  quality  of  the  wool  is  improved 
by  crossing  with  the  merinos  of  Spain.f 

Finally,  the  various  breeds  of  horses  prove  these  facts 
respectinff  the  influence  of  man  over  the  domestic  races 
of  animals.  Our  agricultural  breeds  of  horses  owe  in  part 
their  stature,  their  forms,  and  qualities,  to  the  race  from 
which  they  have  sprung;  but  the  circumstances  in  which 
they  are  placed  when  young  exert  an  influence  over  them  no 
less  great.  The  young  resembles  the  mother  more  than  the 
father  in  respect  of  the  size  and  height ;  whilst  it  resembles 
the  father  more  as  regards  the  feet,  speed,  courage,  <&c. 

It  is  essential  therefore,  in  breeding,  to  select  those  indi- 
viduals only  which  possess  the  requisite  qualities,  rejecting 
their  opposites ;  or,  in  other  words,  to  breed  from  those  having 
opposite  qualities  :  in  time  the  new  forms  become  hereditary 
and  general.  To  attention  to  these  matters,  the  Arab  horses 
owe  their  grand  qualities.    The  noble  breed  they  call  kochlani 

*  The  bloodhounds  transplanted  into  America  by  the  Spaniards,  employed 
at  first  to  pursue  only  men  and  deer,  furnish  a  remarkable  instaace  of  the 

5ower  of  transmitting  certain  newly -created  mental  qualities,  hereditarily, 
n  different  parts  of  America,  as  on  the  central  table-land  of  Santa-F6,  these 
animftlH  have  preserved  their  original  instincts  and  physical  qualities ;  but 
amongst  the  poor  inhabitants  of  the  banks  of  the  Madeline  they  have  become 
degraded,  partly  by  a  mixture  with  other  dogs,  partly  by  a  scarcity  of  food, 
and  in  this  degenerate  race  of  the  bloodhound  a  new  instinct  has  been 
developed.  The  chase  in  which  they  have  been  long  employed  is  that  of  the 
wMte-muzzled  Peccari.  The  skill  of  the  dog  consists  in  moderating  its 
courage  or  ardour,  so  as  not  to  attack  any  individual  of  the  troop  or  herd  of 
peccaris,  but  to  keep  the  whole  in  check.  Now  it  has  been  observed  that 
these  dogs  act  thus  on  the  very  first  occasion  they  hunt  the  peccari,  whereas 
any  strange  dog  throws  himself  on  them  at  once,  and  is  devoured  in  an 
instant,  whatever  be  its  strength. 

t  It  was  in  1776  that  the  superintendent  of  finances,  Daniel  Trudaine, 
attempted  first  the  introduction  of  the  merino  into  France,  and  it  is  to 
Daubenton,  the  collaborateur  of  Buffon,  that  is  due  the  success  of  the  enter- 
prise. 
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has  its  purity  secured  by  authentic  legal  attestations,  duiing 
a  series  oi  four  ages, .  and  the  known  genealogy  of  several 
of  these  fine  animals  extends  to  two  thousand  years.  The 
English  race-horse  owes  its  qualities  to  a  mixture  of  the  Arab 
stallion  with  the  indigenous  mares  of  England ;  hence  its  sta- 
ture and  astonishing  rapidity.  The  abundance  and  quality 
of  the  food,  the  nature  oi  the  climate,  the  daily  cares  bestowed 
on  the  horse,  influence  the  race  mudi  more  than  is  generally 
supposed :  as  a  proof  of  this,  we  may  notice  the  rapidity  with 
which  the  finest  English  horses  degenerate  in  certain  locali- 
ties, as  in  the  studs  of  Kopschan  on  the  borders  of  Moravia. 
But  the  same  fact  may  be  observed  nearer  home.  If  two 
colts  of  the  same  breed,  of  Lorraine  for  example,  be  placed, 
one  in  Flanders  the  other  in  Normandy,  instead  of  retaining 
their  resemblance  to  each  other,  they  will  at  five  years  resem- 
ble horses  of  different  breeds :  the  one  will  grow  up  a  coach- 
horse,  light  and  elegant;  the  other  an  enormous  animal, 
hardly  able  to  trot,  but  equal  to  the  draught  of  the  heaviest 
loads.  Where  nourishment  abounds,  there  the  size  and 
weight  of  the  horse  increase;  opposite  circumstances  are 
attended  with  other  results.  Fed  on  strong  humid  pastures, 
the  horse  becomes  heavy,  and  his  form  and  hair  coarse ;  on 
light  soils,  and  especially  if  grain  be  added  to  his  ordinary 
food,  his  form  becomes  light  and  elegant :  finally,  the  careful 
grooming  bestowed  on  the  English  horse  contributes  to 
improve  his  form,  and  especially  the  fineness  of  his  limbs. 
Thus  it  happens,  as  in  the  dog,  that  varieties  may  be  so 
multiplied  as  to  make  it  appear  that  they  must  have  sprung 
from  more  than  one  species :  nevertheless,  all  these  modifica- 
tions have  their  limits,  beyond  which  nature  will  not  or 
cannot  go:  they  never  destroy  the  distinctive  characters  of 
zoologi(^  species."* 

§  409.  Classification  of  the  Mammalia,  —  There  exist, 
as  we  have  seen,  considerable  differences  amongst  the  mam- 
malia, and  these  modifications  of  structure  serve  as  the 
basis  for  the  division  of  the  class  into  groups  of  an  inferior 
rank,  c^ed  orders.  Most  of  these  groups  are  so  distinct  as 
to  admit  of  no  doubt  in  respect  of  their  limits ;  they  consti- 
tute, in  fact,  natural  divisions  ;  but  in  others  the  line  of 
demarcation  is  by  no  means  so  distinct.     Thus  a  mammal 

*  Experiments  made  in  this  country  have  led  to  entirely  different  results. 
The  various  breeds  of  horses,  cattle,  and  sheep  remain  unaltered,  on  whatever 
pastures  they  may  be  fed. — B.  K. 

b2 
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may  have  points  of  resemblance  so  close  to  two  groups  as  to 
render  it  almost  indifferent  to  which  it  be  referred.  To 
some  naturalists,  differences  appear  important  which  are  dis- 
regarded by  others,  and  hence  a  want  of  agreement  on  the 
suloject  of  classification  has  always  prevailed. 

The  method  followed  here  is  nearly  that  proposed  by 
Cuvier.  It  rests  mainly  on  the  differences  mammals  show 
in  respect  of  their  extremities  and  teeth,  differences  which 
always  imply  a  crowd  of  others  in  structures,  habits,  and 
even  intelligence. 

§  410.  Keeping  in  view  the  ensemble  of  these  characters, 
the  class  mammalia  may  be  divided  into  two  groups, — ^the 
monodelphic  and  didelphic. 

The  monodelphic  or  monodelphian  are  the  more  numerous, 
and  are  distinguished  chiefly  by  their  mode  of  development. 
At  birth  they  are  already  provided  with  all  their  organs,  and 
before  birth  they  derive  their  nourishment  from  the  mother 
by  means  of  a  placenta.  Their  brain  is  more  perfect  than 
the  didelphian,  by  the  presence  of  a  corpus  callosum  uniting 
the  two  cerebral  hemispheres  (§  186).  Finally,  the  walls  of 
the  abdomen  have  no  osseous  supports  attached  io  the  margins 
of  the  pelvis,  as  we  find  in  the  second  great  class  of  mam- 
mals. The  mammals  thus  organized  have  been  subdivided 
into  two  groups, — ^namely,  ordinary  mammals  asidpisciform> 
mammals, 

§  411.  The  ordinary  mammals  are  organized  principally 
to  live  on  solid  ground;  the  skin  is  provided  with  hairs. 
These  animals  are  further  subdivided  into  ten  orders:  the 
bimana,  quadrumana,  cheiroptera,  insectivora,  rodentia,  eden- 
tata,  camivora,  amphibia,  pachydermata,  and  ruminantia. 
The  first  eight  of  these  orders  have  flexible  fingers  and  toes, 
with  nails  covering  only  the  dorsal  aspect  of  the  toe  or 
finger,  and  comparatively  small ;  hence  they  have  been  called 
onguiculata;  the  last  two, — namely,  the  pachydermata  anji 
ruminantia,  have  the  extremity  of  the  finger  and  toe  entirely 
enclosed  in  a  hoof;  they  are  thus  called  ongulata, 

§  412.  The  order  bimaua  includes  only  man :  in  him  alone 
the  arms  are  destined  for  prehension,  the  limbs  for  progressioU 
and  support  in  the  erect  attitude.  Thus,  the  natural  position 
on  the  soil  is  unmistakeably  vertical.  The  teeth  are  of  three 
kinds  (§  52),  and  have  their  edges  on  the  same  plane ;  they  are 
frugivorous ;  finally,  the  brain  is  more  perfect,  more  highly 
developed,  than  in  any  other  animal. 
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Though  man  representg  but  a  single  spedes,  jet  in  hia 
varieties  he  ofiem  many  remarkable  (ufiereoceB,  especially  as 
b)  colour,  featnteg,  and  proportiona;  of  these  varielies,  the 
more  remarbable  are  the  whi(«  or  Caucasian,  the  yellow  or 
Mongolian,  the  black  or  Ethiopian. 

The  Caucasian  variety  of  man  occupes  all  Europe  and 
Western  Asia  aa  far  as  the  Ganges,  likewise  Northern  Airica. 
To  it  belong  the  more  highly  civilized  nations.  The  region  of 
the  Caucatms  has  been  supposed  t«  have  been  the  cradle  of  the 
race,  hence  itename,  A  lair  skin,  elevated  forehead,  small 
cheek-bones,  hair  varying  in  colour,  bnt  always  smooth,  to- 
gether with  high  intellectual  qualities,  characterize  the  race. 

The  Mongolian  variety  diflers  in  many  respects  from  the 
Caucasian.  The  brow  is  low  and  square,  the  eyes  small  and 
oblique  j  cheek-bones  prominent,  nose  flat,  little  or  no  beard, 
hiur  black  and  smooth,  coloar  yellow.  Their  language  is 
monosyllabic.  Their  original  country  is  Central  Asia,  ex- 
tending to  and  inclading  China  and  tue  Chinese,  the  earliest, 
eeeminglv,  of  civilised  men.  Siberia  and  Mongolia,  the 
Crimea,  ^Thibet,  Japan,  the  Aleoutian  Isles,  and  even   the 
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western  shores  of  Naithem  America,  are  all  occapied  by  this 


Fig.  leo,— MoDgol  Bace, 
Some  naturalists  view  the  Malays  as  a  distinct   race  of 
men;    but   mqst   view   them   as   a  mixtore  of  two   races. 
Lastly,  the  degraded  races  known  as  Laps,  Samoides,  Es- 

Juimos,  Ac,  seem  to  be  related  to  the  Mongol  rac«.  A  third 
Utbct  variety  of  mankind  is  the  Ethiopic,  confined  to 
Africa,  south  of  Mount  Atlas,  seemingly  oompoBed  of 
several  distinct  races  of  men,  euch  as  the  Negro,  Bosiesman, 
Hottentot,  Mozambic^ue,  &o.  It  is  oharacteriied  by  tne  dark 
oolonr  of  the  skin,  &izzly  hair,  low  and  coiopresaed  forehead, 
projecting  jaws,  large  lips,  and  muzzle-shaped  mouth,  with 
other  peculiarities,  which  need  not  be  mentioned  here.  The 
primitive  population  of  Australia  and  of  the  numerous  isles 
of  the  oceanic  Archipelago,  have  been  viewed  by  some  natu- 
ralists as  constituting  a  distinct  variety ;  the  Alfourons  are 
yet  but  little  known. 

Finally,  the  indigenous  inhabitants  of  America  have  been 
viewed  by  many  naturalists  as  a  distinct  race  of  men.  They 
are  copper  coloured,  have  long,  black,  straight  hair,  and  but 
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little  beard.  Bat  some  of  them  have  strong  analogies  with 
the  Mongolian  race  of  Asia,  whilst  others  approach  some- 
what the  form  of  Buropeans.  The  aoae  is  as  prominent  aa  ia 
the  Emopeao,  and  their  eyea  are  large  and  open. 


Fii,  IW  a.— Th«  YooDg  UemDon,  Tspteientiiig  the  Oaptio  Buia  (bom 
(he  eelB^Sed  bDitin  Uw  BiitlihUoiBum). 


"  The  tenn  Cancasiui  wss  deriBed  by  Blamenback  to  chanu' 
terize  a  certain  number  of  the  higher  races  of  man,  bnt  he 
did  not  attach  any  theory  to  it ;  that  has  been  done  by  later 
writers.     His  arrangement  of  the  lacee  of  men  waa  ge^;n- 


m  &.— UongDl.  (From 


Tello*  Afticm  Bmb. 


>n  (ilafizig  on  the  Qonnb  (fhnn  BonhtlTB  South 
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phicol;  and  although  it  has  certain  tacU  favourable  to  it,  the 
view  is  now  veiy  generally  abandoned, 

"  Each  race  seema  to  have  a  civilization  peculiar  to  itself; 
thoB  the  ancient  Greek,  seemingly  now  eitinct,  carried  the 
arts,  litcraturp,  and  even  science,  or  at  least  philosophy,  to  a 


Fig.  1«0  e.— The  Aborigiiul  NitiTe  of  Amtnlio,  &om  Feron. 

point  they  have  nerer  reached  since  their  epoch ;  the  Coptic 
race  held  its  own  form  of  civilization,  an  exhibited  in  their 
architecture  j  so  also  the  Persian  and  Mongol.  The  Western 
European  races  are  chiefly  deficient  in  ima^nation  and  genius. 
The  N^o  race  ha^  never  invented  ttnythw. 

"Of  Si  the  races  of  man,  the  most  remarkable  is  theSaabs, 


>r  Tellow  race  of  Africa :  it  includes  the  Hottentot  and  Boe- 
eBman,  properly  so  called ;  but  travellerB  affirm  that  the  Aua- 


Fig.  leO/.-'The  Sbnll  or  the  THmwiui. 

tralian  or  Tasmanian  stands  lowest  in  the  scale  of  humanity. 
However  this  may  he,  certain  it  is  that  most  of  the  coloured 


r  climate,  it  is  pro- 
u  would  have  been  long 


ago  eitinct,  or  nearly  so  ;•  but  nature  soemB  to  oppose  the 
transfer  of  a  race  from  the  continent  on  which  it  first  ap- 
peared to  another.  Thna  the  English  ^lake  no  ^xogiees  m 
realitj  ia  India,  and  tiom  northern  Ainca  all  the  immigrant 


races  of  Phtenician,  Greek,  Roman,  Vandal,  4c.,  have  disap- 
peared.    The  Spanish  blood  will  ere  long  become  eitinct  in 


Pig.  190  i.— The  Cherokee  Held. 
"  The  aiiatomical  structure  of  the  cac^s  of  man  differs  con- 
siderably, so  that  there  ia  not  the  shghtest  difficulty  in  dis- 


852  zooiAOY. 

tinguiBhin);  their  Torioiu  crania,  ^thoush  poptdar  writets  are 
fond  of  denjiiiK  thia  fact ;  they  are  misled  by  the  applicatious 
which  natur^^  exist  amonget  the  races  ol  man  as  amongat 
all  other  animals;  these  amiations  show  that  the  races  of 
man  now  on  the  globe  form  one  &mil7." — B.  K. 

§  413.  The  order  of  the  quadrumona  is  composed  of  those 
animals  which  have  the  great  toe  so  constructed  as  to  perform 
the  fiindions  of  a  thumli,  and  which  use  the  four  hmbs  as 
well  for  jirehensioQ  as  for  locomotion.  Like  the  bimana,  they 
are  firagivoroni),  and  their  teeth  are  similar  to  onrs.  In  this 
group  are  ammged  the  apes  (Figs.  93,  116),  the  onstiti 
(Fig.  5),  and  the  makis  (Fig.  192). 

The  apes  are  animals  of  small  or  moderate  stature,  the 
muzzle   moderately   prominent,   the  neck   short,    the    body 


Pig.  191.— Elhiopim  B»M. 

elender,  and  the  eitremitict  thin  and  long.  They  are  covered 
with  long  and  silky  hair,  closely  set ;  nerertheless,  their  re- 
semblance  to  man  is  sometimes  extreme,  and  there  are  some 
wUch,  when  young,  have  the  facial  line  not  more  oblique 
than  in  the  n^ro ;  but  with  age,  in  some  the  face  pro- 
jects, becoming  a  muzzle,  resembUng  that  of  the  dog  (Fig- 
193).  The  gestures  and  tricks  of  these  animals  have  often  a 
strong  resemblance  to  onr  own.  With  the  aii  of  a  stick 
wnue  hold  themselves  upr^ht,  and  even  walk  as  we  do,  hut 
never  steady  nor  assured  in  their  step,  so  that  in  the  vertical 
position  they  always  seem  constrained  and  ill  at  ease.     On 


the  other  hand,  in  the  forest  the;  displ^the  atmoet  ^^lity, 
and  this  seems  indeed  to  be  their  natural  locality.  To  arms  of 
great  length,  and  teet  organized  a»  hands,  wiui  an  oppoaing 
tjiumb,  in  some  we  find  in  addition  a  long  prehensib 
tail,  80  that  their  activity  amongst  trees  becomes  almost 
incredible. 


Fig.  IM.— Wlute.Proiited  Uilia,  will  ita  YomE. 

Apes  inhabit  only  warm  countries ;  a  single  apeeies  dwelU 
on  the  rock  of  Gibraltar ;  the  apea  of  the  New  World  are  all 
distinct  from  those  of  the  Old. 

§  414.  The  order  of  earnivora  is  composed  of  ordinary 
onguicalated  mammals ;  the  form  of  their  dentition  is  com- 


plet«,  bat  they  have  no  opposing  thumb.  According  to  the 
mode  of  life  of  these  ammius,  their  intextinal  ciuial  ib  short ; 
their  jaws  and  their  moscleB  strong,  in  order  to  seize  uid 
devour  their  prey ;  their  head  from  this  circametauce  seems 
large.  The  jaws  are  short,  thus  favouring  their  strength, 
and  the  form  of  the  temporo-maxillaiy  arnciilatioD  proves 
that  the  t«eth  are  made  for  tearing  and  cutting,  but  not  for 
grinding  or  masticating.  The  canine  teeth  are  lai^e,  long, 
and  very  powerfiil ;  the  incisives,  six  in  number  in  each  jaw, 
small ;  the  molar,  isometimes  entirelj  adapted  for  cutting,  in 
others  surmounted  with  rounded  tubercles,  presenting  no 
conical  points,  arranged  as  in  the  insectivora.  One  of  these 
molar  teeth  is  usudly  muoh  longer  and  more  cutting  than 
the  others,  and  has  therefore  been  called  the  camiTorons 
molar  tooth ;  behind  these  (on  each  side]  are  one  or  two 
molars,  almost  flat,  and  between  the  camtvoroas  molar  and 
the  canine  a  variable  number  of  false  molars.  The  food  of 
the  animal,  whether  exclusively  carnivorous  or  mixed  with 
other  matters,  maybe  judged  of  by  the  varying  proportions  of 
these  cutting  or  tnberculated  parts  of  the  molar  t«eth. 

Animals  of  this  order  have  generally  the  toes  armed  with 
claws  adapted  to  hold  and  to  tear  their  prey ;  usually  also 
they  have  no  collar  bones.  This  kind  of  organization  is  met 
with  in  the  genera  cat,  hyiena,  viverta,  martin,  otter,  dog, 
badger,  bear,  &e. 


Tig.  183. 

The  genus  cat   (Fig.  194),  which  may  be  viewed  as   the 
type  of  the  camivora,  comprises  not  only  the  common  cat,  but 
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also  the  tiger,  lion,  panther,  Ijnx,  &c. ;  their  jaws  are  short, 
and  are  act«d  on  by  miisclea  of  eitraordinary  strenglii ;  their 
retractile  nails,  concealed  between  the  toes  in  a  »tate  of  repose 
b;  meanB  of  elastic  ligamente,  are  never  blunted.  Their  toes 
are  five  in  number  on  the  anterior  limba,  and  four  on  those 
behind.  Their  hearing  is  exceedtnglj  Eue,  and  the  best  deve- 
loped of  all  their  senses.  They  see  well  by  day  and  night, 
but  they  are  not  farsirhted ;  in  some  the  pnpil  is  elong^ed 
vertically,  in  others  it  is  round.  They  make  great  use  of  tbe 
organ  of  smell ;  they  consult  It  before  eating,  and  oR^n  when 
anything  disturbs  tLem.     Their  tongue  is  covered  with  homy 


and  very  rough  points.  Tbeir  coat  is  in  general  sofb  and  fine, 
and  the  surface  of  the  body  very  seositile  to  the  touch;  their 
moustaohea  especially  seem  to  be  instruments  of  great  sensi- 
bility. Though  of  prodigious  vigour,  they  generally  do  not 
attack  animals  openly,  but  employ  cunning  and  artifice. 
They  never  push  their  prey  to  flight,  but  watching  by  the 
margins  of  nvera  and  pools  in  cov^,  they  spring  at  once  on 
their  victim. 

At  the  head  of  this  genua  stands  the  lion,  measuring  fre- 
qtiently  twelve  feet  iu  length,  or  over  six  feet  to  the  setting 
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on  of  the  tail;  about  three  feet  in  height,  and  characterized  by 
the  square  head,  the  tufb  of  hair  terminating  the  tail,  and  in 
the  male  by  the  mane  which  flows  from  the  head  and  neck. 
The  lion  is  the  most  powerful  of  the  camivora;  with  a  single 
blow  of  his  fore  paw  he  can  break  the  back  of  a  horse,  and  a 
stroke  of  the  tail  will  strike  down  the  strongest  man.  For- 
merly spread  over  the  three  great  divisions  of  the  Old  World, 
he  seems  now  limited  to  Africa  and  Asia. 

The  animal  which  some  call  the  American  lion,  belongs  to  a 
different  species ;  it  is  called  couguar,  and  is  peculiar  to  the 
New  World. 

The  royal  or  Eastern  tiger  is  an  animal  more  dangerous 
than  the  lion,  which  it  nearly  equals  in  strength  but  exceeds 
in  ferocity.  The  hair  in  the  tiger  is  short  and  smooth,  and 
yellowish  above,  with  black  transverse  bands  or  stripes ;  it 
mhabits  India,  where  it  does  much  damage. 

The  jaguar,  not  much  less  than  the  Eastern  tiger,  and 
almost  as  dangerous,  is  a  native  of  America,  and  is  found  only 
there.  It  inhabits  the  great  forests.  Furriers  call  it  the 
great  panther,  for  it  is  spotted  like  that  animal ;  the  robe  or 
fur  being  yellow,  with  four  rows  of  dark  spots  like  eyes 
ranged  along  the  flanks,  with  white  and  black  stripes  beneath. 

The  panther  (Fig.  194),  so  remarkable  for  the  beauty  of  its 
ftir  or  robe,  is  found  all  over  Africa  and  Asia,  together  with 
the  leopard,  which  it  much  resembles ;  the  fur  is  yeUow,  with 
numerous  dark  spots. 

The  lynx,  also,  or  cat,  is  distinguished  by  a  pencil  or  tuft  of 
hairs  surmounting  the  external  ears ;  the  coat  or  ftir  is  red 
coloured,  spotted  with  a  reddish  brown.  It  is  indigenous  to 
temperate  Europe,  but  it  has  nearly  disappeared  from  popu- 
lous countries;  it  is  still  found  amongst  the  Pyrenean 
mountains,  in  the  kingdom  of  Naples,  and  in  Africa.  It 
ascends  trees;  and,  having  exceUent  sight,  does  much  mis- 
chief by  destroying  hares  and  deer.  The  ancients  ascribed  to 
it  a  power  of  vision  equal  to  the  seeing  through  a  stone  wall — 
hence  the  phrase,  lynx-eyed. 

The  common  cat  comes  originally  from  the  forest.  In  a 
wild  state  it  is  of  a  brown  colour,  somewhat  greyish,  with 
deeper  coloured  transverse  waves.  The  tail  is  annulated  with 
dark  rings  ;  the  inner  side  of  the  thighs  and  feet,  yellowish. 

The  hysena  is  distinguished  from  the  genus  cat  by  the 
number  of  toes,  .which  is  four  for  all  the  limbs,  as  well  as  by 
the  enormous  strength  of  the  teeth  and  jaws,  and  by  the  claws 
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or  nails,  which  are  not  retractile  during  walking.     The  Uil 
is  short  «ad  pendant,  and  underneath  the  oous  is  a  pooch 
which  secretes  a  disagreeably-Bmelliiig  viscous  matter.    Their 
gut    is    odd,    and    they 
carry  Uieir  bind  quarters 
much  lower  than  the  fore. 
They  are   nocturnal  ani- 
mals,  preying  on   what- 
ever they  can  venture  to 
attack  i    cowardly ;    they 
disinter  the  dead,  and  de- 
apise    no   kind    of    food- 
They  resort  to  caverns  du- 
ring the  day-time.    Their 
reputatiou  tor  ferocity  is 

not  borne  out  by  the  fact.  Fig.  lee.—Tiie  Hj'eiui. 

The   common  hytemi  be- 
longed originally  to  Asiatic  Turkey,  Syria,   and   to    some 
countries  of  Africa. 

The  camivora  called  putoriuB  or  polecat,  mustela  or  common 
marten,  otter  or  Intra,  and  some  others,  are  remarkable  fbr 
the  length  of  their  bodies  and  ehortness  of  their  limbs.  They 
are  all  small,  but  extremely  sanguinary. 

The  genus  putorina  comprises  the  common  polecat,  the 
ferret,  mart«n,  the  ermine,  and  several  other  spedee,  which 
all  have  the  head  rounded,  the  fur  brilliant  and  soft,  the 
tail  long,  and  anal  glands  which  secrete  a  ftetid  matter. 


Fig.  196,— TliB  BeleMe. 

The  martens  ditfer  but  little  from  the  polecats,  and  are 
equally  Bought  after  for  their  fur.  The  polecat,  which  does 
suuh  damage  to  the  poultry,  belongs  to  this  genus. 

The  otter  (lutra)  has  the  head  depressed  and  the  feet  palmated. 
Otters  are  aquatic  nocturual  animals,  inhabiting  the  margins 
of  xivevs  and  lakes,  and  subsisting  mostly  on  fishes. 


The  geuos  cl<^  comprises  the  dog,  properly  bo  called,  the 
wolf,  ana  the  fox.  All  these  ftnimala  are  character{7*d  by  a 
peculiar  dentition,  great  strength  and  agility,  aeane  of  hearing 
and  smell  acute,  claws  adapted  for  digging,  and  they  show  a 
partiality  (sonieat  least)  for  putrid  flesh  as  fotid.  Their  sight 
IS  excellent. 

tic  dc^  is  distinguished  from  the 
\1.  This  animal  is  bom  with  the  eyelJ 
and  they  open  only  aR«r  ten  or  twelve  days ;  the  lemale  has  six 
or  seven  at  a  birth,  and  sometimes  even  twelve.  The  dura- 
tion of  life  is  from  twelve  to  fourteen  years ;  they  have  been 
known,  however,  to  live  to  tVeiitj,  aud  their  age  is  determined 
by  their  teeth,  which  in  the  voung  are  white,  pointed, 
and  cutting,  hut   in  the  aged  blunted,  dark  coloured,   and 


Fig.  197,— The  Oltf  r. 

The  di^  is  the  most  complete  conquest  which  man  has 
made  in  respect  of  any  animal.  The  entire  species  has  be- 
come domesticated,  so  that  the  primitive  condition  is  lost. 
The  wild  dogs  fimiid  iii  some  countries  are  merely  domestic 
dogs  which,  Being  abandoned,  have  run  wild,  and  recovered 
some  of  their  primitive  savage  habits.  Some  naturalists 
are  disposed  to  think  that  originally  there  may  have  been 
several  species  of  the  dc^,  and  others  imagine  the  wolf  or 
jackal  t«  be  the  origin  of  the  domestic  dog ;  but  when  aban- 
doned on  desert  isles,  the  dog  never  assumes  the  character  of 
either  of  these  animale.  The  dogs  of  people  but  little  civilized 
have  the  ears  erect,  and  hence  it  has  been  supposed  that  the 
shepherd's  dog,  or  chien-lonp,  is  the  origin  of  the  domestic  dog 
of  all  varieties. 

'I'he  common  wolf  is  readily  distinguished  from  the  d(^  by 


the  tail,  which  in  the  wolf  ia  gtraight.  The  wolf  has  much 
the  air  of  the  cur  dog  (matin) ;  but,  unlike  that  animal,  the 
wolf  leads  a  rather  solitary  life  in  the  great  forests,  reuniting 
in  troops  only  when  pressed  with  hunger.  The  wolf  is  agile, 
adroit,  strong,  and  well  adapted  for  the  pursuit,  attack,  and 
conquest  of  his  prey ;  nevertheless  hi-  is  naturally  slow  and 
cowardly,  unless  pressed  by  hunger ;  he  then  attacks  the 
domestic  animals  uuder  man's  protcution ;  women  and  children, 
and  man  himself,  do  not  then  escape  his  ierocity. 

The  Chacal,  the  Loup  dore,  inhabiting  the  warm  coun- 
tries of  Asia  and  Africa,  more  resemble  in  their  habits  the 
domestic  dog  than  the  wolf:  they  may  be  tamed. 


The  foi  differs  from  the  domestic  dog  by  the  form  and 
greater  length  of  the  tail,  which  is  tufted;  by  the  Tertical 
form  of  the  pupil  during  the  day-time,  and  by  the  greater 
comparative  size  of  the  head.  Thej  are  nocturnal,  dig  bur- 
rows under  ground,  hare  a  fffltid  odour,  and  attack  only  small 
animals.  Species  of  the  foi  are  lo  be  found  in  all  parts  of 
the  world.  Those  of  cold  countries  give  a  fur  which  is  much 
sought  after. 

Mi  the  camivora  of  which  we  have  spoken,  as  well  as  many 
others— the  genette  and  civet,  for  example — walk  on  the  ball  of 
the  toes,  the  tarsus  being  raised.  Hence  the  name  of  digiti- 
grades)  and  to  this  they  owe  their  upright  walk  and  rapidity. 
Bears  and  badgers,  in  walking,  place  the  entire  sole  of  the 


foot  on  the  ground;    hence  they  a 
Their  moTements  are  slow,  and  they 

Bears  are  lai^,  heavy  animals,  thick  aitd  short.  The  tail 
is  short,  the  hmbs  thick ;  bnt  they  are  antmaJs  of  great 
strength  and  sagacity.  The  form  of  their  extremities  enables 
them  to  climb  trees  very  readily,  and  to  sit  erect  on  their 
hind  quarters.  Some  swim  well,  a  quality  they  perhaps  owe 
to  the  fat  with  which  their  bodies  abound.  Of  all  the  carni- 
vora,  they  are  those  least  restricted  to  an  animal  diet ;  in  fact, 
they  are  omnivarous,  for  which  indeed  the  character  of  their 
teeth,  almost  all  tuberoulated,  evidently  adapts  them;  snch 
teeth  being  more  fitted  to  bruise  roots  and  grams,  than  to  tear 
the  flesh  of  animals.  Vegetable  food  is  their  regular  diet, 
and  they  prefer  honey,  of  which  they  rob  the  bees,  being  well 

frotected  from  their  stings  hy  the  roughness  of  their  hides, 
he  greater  number  of  the  bears  live  in  the  forests,  but  one 
species  frequents  the  shores  of  the  Polar  Seas.     The  former 


they  pass  the  time  in  a  profound  lethargy. 

§  415.  The  order  called  amphibia  is  formed  of  two  genera, 
the  seal  and  walrus.  In  these  animalx,  also  carnivorous,  the 
feet  are  not  adapted  for  walking,  but  ibv  swimming :  they  pass 
the  greater  part  of  their  lives  in  the  water. 

[If  my  memory  serve,  my  esteemed  friend,  De  Blainville, 
placed  in  a  distinct  class  certain  animals  tmly  amphibious,  aa 
the  siren,  protens,  aiolotl,  &c.  Seals,  otters,  &c.,  are  not 
strictly  amphibious.— K.K.] 


§  416.  The  order  of  cheiroptera  is  closely  nnited  to  the 
quadruiLiana,  bnt  have  the  pectoral  extremities  organized  tor 
flight,  by  means  of  a  large  lold  of  integument,  extending  from 
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the  flank  and  tail  to  the  Mtremity  of  the  finger9(  Pig.  300, 201). 
The  brain  also  is  much  less  developed  than  in  the  preceding 


Fig.  2l».-CliHi«.8ooru  Orem«d. 
groups.     The  dental  aystem  is  still  composed  of  ineisiFes, 
canine,  and  molar  teeth.     Of  the  cIbhs,  some  are  frugivorous, 
with  molars  resembling 
the  quad  rumaua;  others 
inaeutivorous,    and    in 
these    the    teeth     are 
formed  as  in  the  follow- 
ing class.  The  bats  are 
the  principal  represen- 
tatives of  the  group. 

§  417.  The  insecti- 
vora  do  not  differ  from 
the  other  ongnicnlated 

mammals   excepting  in  pj     2oi.-0™QUrd  (-^ki.g  on  tte 

this,    that   the    molar  groandj. 

teeth  are  evidently  con- 
structed for  the  crushing  of  iiisecta,  on  which  they  live.  They 
are  in  tact  rough,  with  conical 
points  (Fig.  18),  which  adapts 
them  for  this  purpose.  Their 
brun  rather  resembleH  that  of 
the  cheiroptera  in  having  no 
convolutioDH.than  what  we  find 
in  the  bimana,  quadrnranna, 
camivora.andamphibia.   The 

freater  number  make  use  of 
urrows,  and  hybemate.    We  Fig.  Sg—ShrewMoMe 

cit«,     as    examples    of     the  (Mu«r«ene). 

group,   the   mole   (Fig.    185),   the    hedgehog,    the   desman 
(Fig.  180),  and  the  shrew  mouse,  or  rausaraigne  (Fig.  202). 


The  hedgehog  has  the  body  covered  with  spinefl  or  quills 
instead  of  hair,  and  the  shin  of  the  back  is  proviiled  with  a 
large  oval  muscle,  so  that  the  animal  can  roll  itself  into  it  ball, 
thu»  presenting  nothing  but  spines  for  the  enemy  to  attack. 
They  live  in  the  woods,  and  lie  concealed  during  the  day  be- 
tween the  roots  of  old  trees.     They  are  commoo  in  Franc*. 


Fig.  203.~The  Hed|^hag. 

The  shrew  mouse  is  asmall  animal,  at  first  sight  resembling 
a  mouse.  The  body  is  covered  with  hairs,  and  on  each 
flank  is  a  small  baud  of  stiff  hairs,  between  which  is  secreted 
and  exudes  an  odorous  hnmour.  They  burrow  under  ground, 
and  live  on  inseota  and  worms.  It  is  a  popular  error  to  ac- 
cuse them  of  giving  rise  to  a  disease  in  horses  and  mules  by 
their  bit«. 

Moles  are  animals  essentially  subterranean  and  burrowing. 
The  body  is  thick  and  short ;  their  muzzle  is  elongated,  and 
terminated  by  a  moveable  snoat,  adapted  to  burrow ;  and  their 
anterior  limbs,  though  short,  are  extremely  strong  and  broad, 
turned  outwards,  and  terminated  by  strong  claws  admirably 
adapted  to  dig  (Fig.  185).  Hy  means  of  these  instruments, 
moles  dig,  with  great  rapidity  and  admirable  instinct,  long 
galleries  under  ground,  in  which  they  dwell.  Molehills  are 
lormed  of  the  product  of  these  eicavations.  They  sehiom 
quit  their  excavations,  and  live  on  insects  and  worms.  De- 
stined to  live  in  profound  darkness,  their  eyes  are  scarcely 
perceptible,  and  there  is  a  species  of  the  mole  which  is  com- 
pletely blind.  The  mole  h^  twenty-two  teeth  in  each  Jaw, 
or  forty-four  in  all.     The  common  mule  of  the  fields,  of  a 


'  fine  blaclc  colour,  is  common  throughout  the  fertile  conntrieK 
of  Europe. 

§  418.  The  order  rodentia  compriseH  the  ordinary  ongai- 
colated  mammals  which  have  no  cuiiioe  teeth,  bgt  have  strong 
chisel-shaped  teeth  in  front,  or  incisives,  andmolar  teeth  behind. 


F  g  !"*  —The  Common  Cunpsgnol 

Thia  arrangement  ol  the  teeth  (Pig  205)  adapta  them  for 
gnawing  very  bard  vegetable  uubxtancee    as  the  bark  and 

roota  of  Irees    and  theae   in   (act  

torm  their  principal  nourishment 
The  brain  of  rodents  resemblen 
greatly  that  of  the  insei^tivora 
and  Uieir  inteUigwn*  is  very  [ 
confiQed  nevertheless  some  are 
gifted  with  eitraordinary  mstiucta 
Squu'rele  (Fig  100)  marmots 
rats     hamsters    (Fig     101)     the 


animals,  similarly  organized,  belong  to  the  order  rodentia. 

RodentB  of  the  genus  rat  are  characterized  by  some  peca- 
liaritiea  in  the  disposition  of  the  teeth,  and  by  their  long 
and  scaly  tall.  They  are  small  animals,  and  live  espedally 
on  fruits  and  roots,  but,  pressed  by  hunger,  they  take  to 
animal  food,  and  will  even  attack  and  devour  each  other. 
Three  species  have  become  common  in  oar  houses :  the  domestic 
rat,  the  surmulot,  and  the  mouse. 

The  rat  was  not  known  to  the  ancients,  and  seems  to  have 
been  imported  into  the  Old  World  from  America.  The  epoch 
of  its  introduction  is  unknown,  but  it  existed  in  great  nniu- 
bers  where  the  surmulot  now  abounds.  This  latter  seems  to 
have  almost  extirpated  the  common  rat     It  is  now  very  rare 
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in  Paris,  and  is  to  be  foand  chiefly  in  burns,  ivhere  it  lives  on  ' 
grains  and  vegetablea  uf  al)  sorts  it  finds  there;  but  it  has 
a  decided  taste  for  animal  food,  and  it  pursues  young  ammala. 
Id  coantrj'hoaBes  it  is  a  destructive  plague,  by  the  damage 
it  does  to  linen,  haroeas,  lord,  and,  in  short,  to  everything 
eatable  which  falls  in  its  way. 

The  surmulot  is  the  largest  of  the  rata ;  it  ia  of  a  reddish  • 
brown  eolonr.  Introduc^  into  Europe  in  the  eighteenth 
century,  it  has  multiplied  esceedingly.  Brought  from  India 
to  England  by  sea,  it  spread  into  Fi'snce,  and  thence  into 
Europe,  Amenca,  and  all  the  colonies.  In  the  neighbour- 
hood of  Paris  they  abound  in  the  common  sewers,  and  dig 
borrows  just  sufficient  to  hold  the  animal. 

The  mouse  is  the  smallest  of  the  species  of  rats  which 
infest  oar  houses ;  it  was  known  to  the  ancients.  It  forms  . 
galleries  for  itself  in  the  timbers  of  houses  in  which  it  iives, 
and  feeds  on  whatever  animal  or  vegetable  substance  it  meeta 
with,  but  prefers  suet,  lard,  and  generally  fatty  bodies. 
When  inhabiting  the  woods  in  a  wild  state,  it  lives  on 
acorns,  roots,  and  fruits. 


"nie  lerote  are  agreeable  litUe  animals,  with  salt  hair,  tail 
velvetyand  even  tutted,  a  lively  look,  and  live  in  trees;  they 
feed  on  fruits.  Like  marmots,  they  hybemate,  rolling  them- 
selves up  like  a  ball.  They  may  be  known  by  the  number  of 
their  molar  teeth,  which  are  four  on  either  side  and  in  each  jaw. 

The  jerboas  (Fig.  207)  are  small  rodents,  remarkable  for 
the  development  of  their  hinder  limbs,  and  this  enables  them 
to  leap  with  great  agility. 

The  squirrd  (Fig.  100)  k  also  a  rodent,  and  is  knovm  by 
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the  leagth  of  the  tail,  fumisbed  with  hairs  like  a  large  quill 
or  feather.  They  live  amongst  trees  on  fruits  and  nuts,  and 
are  remarltable  for  their  agility.  There  are  many  species 
in  the  Old  and  New  Worlds.  In  Prance  the  common  squirrel 
abounds,  and  retains  throughout  the  year  the  colour  for 
which  it  is  known;  but  iu  the  North  it  becomes,  during 
winter,  of  a  fine  ashy-blue  colour,  and  the  fur  is  mu<£ 
Bought  after.     In  this  state  the  fur  is  called  peltt  gri». 


The  beaver  is  distinguished  from  all  other  rodents  by  its 
large  tail,  flattened  horizontally ;  it  is  of  an  oral  form,  and 
covered  vrith  scales.  The  beaver  is  of  a  good  size,  a<}natic  in 
its  habits ;  their  feet  and  ttul  aid  them  in  swimming,  and 
with  their  powerful  cutting  teeth  they  easily  cut  down  all 
sorts  of  trees.  They  live  on  bark  aud  other  hard  vegetable 
substances. 

The  Canadian  beaver  is,  of  all  quadrupeds,  that  which 
exhibits  most  industry  in  the  construction  of  Ibi  dwelling, 
at  which  it  works  in  society,  in  the  most  solitary  parts  of 
North  America  (§  331,  p.  164). 

The  neighbourhood  of  man  seems  to  prevent  the  beaver 
from  wurkmg  in  society,  as  we  tind  that  the  beavers  of  the 
Bhine  are  solitary,  and  never  construct  habitations  like  those 
of  Canada,  although  they  seem  to  belong  to  the  same  species. 
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The  beaver  was   formerly   indigenous  to   many  European 
countries,  and  even  to  Britain. 

§  419.  The  order  of  edentata  seems  to  fill  up  the  link 
between  the  onguiculata  and  the  ongulata,  for  the  nails  acquire 
a  great  development,  and  cover  a  large  portion  of  the  extre- 


Fig.  208.— Head  oUhe  Armadillo. 

mity  of  the  fingers  and  toes ;  but  that  which  characterizes 
them  is  the  absence  of  teeth  in  the  front  of  the  mouth 
(Fig.  208).    ^ 

The  dentition  is  composed  of  canine  and  molar  teeth  only, 
and  even  these  are  also  sometimes  absent  (Fig.  22);  the 
edentata  live,  in  fact,  on  soft  insects,  or  leaves  easy  to  gather. 
As  examples  of  this  group,  we  cite  the  armadillos  (Fig.  209), 
the  pangolins  (Fig.  173),  and  the  ant-eaters. 

§  420.  The  order  of  pachydermata  belongs  to  the  division 
of  mammals  having  hoofs,  and  is  composed  of  all  the  on- 
gulata  in  which  the  stomach  is  formed  in  the  usual  way,  and 
not  intended  for  rumination.  They  are  remarkable  for  the 
thickness  of  their  skins ;  they  are  all  more  or  less  herbi- 
vorous ;  and  their  brains  have  convolutions,  as  in  the  cami- 


Fig.  209.— The  Armadillo  Cabassou. 

vora.  Some  have  the  nose  prolonged  into  a  proboscis,  and 
are  for  this  reason  called  proboscidians :  the  elephants  (178) 
have  this  feature.  Others  are  recognised  by  the  feet  ter- 
minating in  a  single  toe,  covered  with  a  hoof;  the  horse,  ass, 
and  zebra,  ofier  this  character,  and  hence  the  name  of  solipeda^ 


Finally,  the  ordiuar;  pachydermata  have  the  feet  terminated 
by  fingere  or  toes,  varying  from  two  to  four  ;  the  wild  boar, 
the  tapir  (Fig.  179),  the  rhinooeroB  (Fig.  176),  the  hippo- 
potamus (Fig.  Hi),  belong  to  this  class  or  gronp. 


Fig.  210,— The  Zebn. 

The  genus  elephant  (Fig.  178),  the  largest  of  all  land 
animals,  is  of  a  mild  and  gentle  nature,  at;d  hence  the  ease 
with  which  it  may  be  domesticated.  The  great  size  of 
the  head  am)  weight  of  the  tusks  necessitate  a  proboscis  to 
enable  the  animd  to  feed  (page  331).  By  means  of  this 
singular  instrument  the  elepliant  uproota  trees,  unties  the 
knots  of  ft  cord,  picka  a  lock,  or  uses  a  pen.  Their  sight  is 
tolerably  good,  their  hearing  fine,  and  their  sense  of  smell 
Bcut*.  Their  caution  is  extreme,  and  their  intelligence  re- 
markable. They  remember  ii^uries,  and  are  not  foraetful  of 
favours.  Though  of  heavy  gait,  their  speed  is  considerable, 
owing  to  the  length  nf  their  pace.  Although  the  elephant  is 
the  most  powerful  of  quadrupeds,  he  is  naturally  neither 
cruel  nor  formidable.  Courageous  id  defence,  he  seldom 
attacks.  By  natnre  he  is  gregarious,  living  in  troops,  vail- 
ing from  fifty  t«  one  hundred,  and  is  seldom  seen  solitary.  The 
oldest  leads  the  troop,  and  the  next  iu  age  brings  up  the  reai'. 

Taken  when  young,  they  are  readily  trained  to  carry  enor- 
.  mous  weights ;  2000  pounds'  weight  is  the  load  of  the  adult, 
and  they  will  perform  with  this  a  march  of  fifteen  or  twenty 
leagues.  They  swim  well,and  live  to  nearly  two  hundred  years. 

Two   species   of  elephants   have   been   described, — 1,   the 


Asiatic;  and  2,  the  Alncan.  Thi;  first  is  known  by  its 
elongated  liead,  concave  foreticad,  Hnd  comparative!;  miiall 
ears;  four  nails  on  the  binder  toes  ;  the  molar  teeth  also 
present  parallel  ridges,  nearly  equidistant.  The  tusks  often 
remain  short.  2.  The  African  gpeciea,  remarkable  for  the 
size  of  the  tusks,  development  of  the  eitemal  ears,  thiee 
loose  nails  on  the  hinder  toes,  shorter  head,  and  convex 
forehead.  The  surface  of  the  molar  t«etb  when  in  use  pre- 
sents rhomboidal  fibres,  bj  which  it  may  be  at  once  distin- 
guished from  the  Indian  species.  The  female  has  tvuks 
nearly  as  large  as  the  male.  It  is  a  more  active  and  ferocious 
animal  than  the  Asiatic,  and  is  found  from  Senegal  to  the 
Cape  of  Grood  Hope. 

Ivory,  properly  so  called,  is  furnished  by  the  tuska  ol 
the  elephant,  recent  and  extinct.  When  cut  and  polished, 
it  may  be  nsx^nised  by  its  numerous  lozenge -formed  curved 

The  hippopotami  have  an  enormous  body,  with  very  short 
limbs,  four  equal  toes  to  each  foot  (the  elephant  has  live) ; 
tail  of  moderate  length,  nostrils  dilated,  skin  almost  hairless. 
They  live  on  vegetables,  and  their  habitat  is  the  rivers  of 


Fig.  211. — The  HippopoUnDg. 

Central  Africa.*  Their  colour  is  a  brownish  black,  and  they 
attain  an  enormous  weight.  Three  or  four  may  he  seen  in  a 
line  in  the  river,  near  some  cataract  or  stream,  darting  at  the 
fishes  which  the  rapidity  of  the  current  brings  near  them. 
They  swim  well  and  rapidly,  and  can  remain  a  long  time 
under  wa(«r.  During  the  night  they  quit  the  rivers,  and 
feed  on  the  herbage  of  the  banks,  or  make  their  way  to  the 
■  Southern  ud  Northern  m  it«U.— B.  R. 


OF  THE   CLASS   MAMMALIA.  269 

fields  of  rice  or  millet,  which  they  rapidly  consume.  Their 
inarch  is  so  impetuous  that  they  overthrow  every  ohstacle, 
especially  when  alarmed.    Their  character  is  ferocious. 

The  pig  has  also  four  toes  on  all  the  feet,  hut  two  are 
large  and  two  shorter.  The  incisive  t«eth  vary  in  numher,  and 
the  tusks  protrude  from  the  mouth,  curling  upwards.  The 
muzzle  terminates  in  a  truncated  snout,  adapted  for  dicing 
up  roots,  on  which  they  live,  in  troops,  in  the  forests ;  but 
they  show  no  repugnance  to  animal  food. 

The  rhinoceros  (Fig.  176)  is  a  very  large  animal,  with 
short  thick  body  and  short  limbs,  remarkable  for  the  great 
thickness  of  its  hide,  and  for  the  horn  or  horns  it  carries 
on  the  nose.  The  horns  are  solid,  composed  of  matted 
hairs,  and  supported  on  strong  nasal  bones,  arched  and  thick ; 
but  these  horns  have  no  osseous  core,  and  they  move  with  the 
integuments.  It  inhabits  the  hottest  parts  of  Asia  and 
Africa,  and  is  generally  found  in  the  elephant  countries. 
It  is  ferocious  and  untameable,  and  is  fond  of  wallowing  in 
miry  places,  like  the  pig.* 

The  genus  horse,  comprising  the  horse,  properly  so  called, 
the  ass,  zebra,  and  several  other  species,  is  characterized  by 
the  conformation  of  the  feet,  single  toed,  and  covered  with  a 
hoof ;  by  six  incisivea  in  either  jaw,  hoUowed  when  young, 
which  hollow  disappears  with  age ;  by  six  molars  on  either 
side  of  each  jaw,  and  by  a  space  between  the  small  canine 
teeth  found  in  the  male  and  the  molars,  which  receives  the 
bit.  These  canine  teeth  are  small,  and  peculiar  to  the  male. 
The  eyes  of  the  horse  are  prominent,  his  hearing  good,  upper 
lip  so  large  as  to  be  used  as  an  instrument  of  prehension ; 
nostrils  not  much  dilated ;  the  body  is  covered  all  over  with 
hair,  and  the  neck  provided  with  a  mane.  The  tail  is  of 
moderate  length,  but  has  long  hairs,  especially  in  the  domes- 
tic horse.  Though  strictly  herbivorous,  their  stomach  is 
simple,  and  of  moderate  size.  His  mode  of  life  in  a  domestic 
state  is  so  well  known  as  to  require  no  description. 

The  horse,  properly  so  called,  is  distinguished  from  the 
other  species  by  the  uniform  colour  of  the  coat ;  by  the  tail, 
furnished  with  hairs  from  its  basis ;  by  his  height  and  more 
elegant  form.  He  exists  nowhere  now  in  a  wild  state,  for  the 
so-called   wild  horses   of  America  are  merely  the  domestic 

•  The  double-homed  rhinoceros  is  peculiar  to  Africa,  and  was  known  to 
the  Bomans  alter  all  traces  of  it  were  lost  to  the  civilized  world,  and  its  very 
existence  doubted  by  naturalists :  it  was  rediscovered  but  a  few  years  ago 
by  Spamnan,  in  Southern  Africa.— B.  K. 


dred  yeiuB,  they  are  said  to  be  found  in  troops  moBtering  ten 
thaaaani. 

The  horse  lives  to  about  thirty  years ;  he  ought  not  to  be 
employed  for  saddle  or  draneht  before  four  or  five.  When  aged 
he  loses  moat  of  his  vahiable  qualities;  and  hence  the  impor- 
tance attached  to  the  aire.  Ue  ia  called  aged  when  the  httle 
cavities  found  in  the  incisives  have  dis^peared  by  trituration  t 
this  happens  at  eight  years ;  alt«r  that  lie  is  said  to  have  lost 
the  mark. 

The  asa  in  recognixed  by  its  height,  tuft«d  tuil,  dark 
cross  on  the  shoulders,  and  long  ears.  More  temperate  and 
patient  than  the  horse,  he  is  not  ko  strong,  hut  still  very 
useful  as  a  beaxt  of  burthen.  Comparatively  he  is  both 
stronger   and  more  hardy.      He  is  choice  in  the  water   he 


rig.JlJ.— TheBiBun. 
drinks,  but  in  nothing  else,  and  he  sleeps  less  than  the  horse. 
His  stupid  and  obstinate  nature  seems  mainly  due  to  the  bad 
treatment  he  receives ;  in  the  duration  of  life  the  ass  re- 
sembles the  horse. 

§  421.  The  order  ruminants  is  distinguished  from  all  the 
preceding  groups  by  their  complex  stomachs.  These  animals 
are  essenti^ly  herbivorous  ;  they  have  no  incisives  in  the 
upper  jaw ;  in  them  the  foot  is  divided  or  cloven,  and  it  is 
amongst  this  species  especially,  that  the  forehead  is  armed  with 
horns.  The  ox.  sheep  (Fig.  214),  goat,  and  stag  (Fig.  215), 
'  '  "  t  the   class ;  bat  the  antelope,  giraffe  (Fig. 
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The  genus  ox  differs  from  other  ruminants  by  the  form  of 
the  body  and  the  direction  of  the  horns. 

The  principal  species  are  the  common  ox;  the  aurochs, 
originally  both  European  ;  the  buffalo,  the  yack,  peculiar  to 
Asia ;  the  bison  and  the  musk  ox,  peculiar  to  Northern  Ame- 
rica. 

The  common  ox,  when  young,  is  called  a  calf,  the  male  a 
bull,  the  female  a  cow;  its  forehead  is  flat,  longer  than 
broad ;  the  horns  are  rounded,  and  project  from  the  extremities 
of  the  prominent  line  separating  the  frontal  from  the  occipital 
bone.  There  exists  scarcely  an  animal  so  useful  to  man  as  the 
ox :  on  this  we  need  not  awell.  The  flesh  is  excellent ;  he 
can  be  made  to  labour  like  a  horse ;  the  bones,  skin,  horns, 
hair,  all  are  of  use.  The  fat  is  fine  and  delicate,  and  the 
blood  is  used  as  a  fertilizer,  and  also  in  the  manufacture  of 
Prussian  blue ;  it  is  in  use  moreover  as  a  refiner  of  sugar  and 
fish  oil.  The  intestinal  membrane  is  employed  in  the  arts  of 
the  gold-beater  and  to  cover  air  balloons.  From  the  milk  of  the 
cow  we  obtain  butter,  cheese,  and  cream ;  with  the  stomach 
called  rennet  we  curdle  milk.  The  ox  is  now  found  in  every 
part  of  the  world,  but  no  doubt  it  belonged  originally  to 
£urope  and  Asia. 

The  aurochs  is  the  lai'gest  of  European  quadrupeds.  It  is 
distinguished  from  the  domestic  ox  by  its  convex  forehead, 
broader  than  long ;  by  the  point  of  attachment  of  the  horns, 
lower  than  the  occipital  crest ;  by  a  kind  of  woolly  hair  cover- 
ing the  head  and  neck  of  the  male ;  by  a  short  beard  under 
the  throat ;  and,  finally,  by  having  an  additional  pair  of  ribs. 
It  is  not  the  origin  of  our  domestic  cattle.  Formerly  abound- 
ing all  over  Europe,  the  race  is  nearly  extinct,  being  confined 
to  the  marshy  forests  of  Lithuania,  of  the  Krapacks,  and  the 
Caucasus. 

The  buffalo,  of  Indian  origin,  but  now  naturalized  in  Italy 
and  Greece,  has  the  horns  marked  anteriorly  by  a  longitudinal 
crest.  The  buffalo  is  less  docile  than  the  ox,  but  he  is 
stronger  and  easier  supported.  He  swims  well  (as  does  the 
ox),  and  likes  to  wallow  in  muddy  waters ;  and  he  will  dive 
ten  or  twelve  feet,  tearing  up  with  his  horns  aquatic  plants, 
which  he  eats  whilst  swimming. 

The  yack,  also  called  the  buffalo  with  a  horse's  tail,  the 
grunting  cow  of  Tartary,  is  a  small  species  originally  from 
Thibet.  It  has  a  long  mane,  and  a  tail  with  lon^  hail's  like 
the  horse.     It  is  with  this  tail  that  the  standards  are  made 
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which,  with  the  Turks,  serye   to  dUtinffTiwh   the  superior 
officera. 

The  mask  oi  in  an  inhabitant  of  the  mot^  nortbem  parts 
of  North  America.  It  climbs  orer  rocks  like  a  goat.  Ite 
odour  is  pecoliu-;  heoce  the  name;  and  iU  horns  are  anited  in 
the  middle  of  the  forehead. 

The  American  bieon  strongly 
resembles  the  aurochs,  but  has  the 
limbs  nhorter,  aod  differs  in  some 
other  respects,  ais  in  having  the 
h(ur  longer. 

The  genus  »heep  (oris)  differs 
bnt  little  from  the  goat.  Their 
horns  are  disposed  to  become  spiral ; 
tiiej  have  no  beard,  and  have  the 
Ibrehead  convex. 
Fig. 213— Musk Oi.  ^  «^W  species  called  a^ali,  with 

rerj  large  bona,  eeeraa  to  be  the 
original  of  the  domestic  sheep.  They  are  Ibund  in  great 
numbers  in  Kamtschatka;  in  all  the  lofty  rrountainons  re- 
gions of  Asia;  in  the  higher  ranges  ol'  those  of  itarbary, 
Corsica,  and  Greece.  It  groivs  to  a  large  size,  and  is  very 
agile. 

The  mouflon  (Fig.  214),found  in  Europe  and  Afiiea.diiTers 
from  the  argali  in  this,  that  it  never  attains  the  same  size. 
The  female  rarely  has  horns,  and  when  present  they  are  small. 
Varieties  of  the  mouflon  eiist.  Some  are  white,  others  more 
or  less  black.     They  live  in  troops. 

The  domestic  sheep  when  young  is  called  a  lamb ;  the 
female  is  called  an  ewe  ;  the  male,  a  ram ;  it  is  too  well  known  to 
require  any  zoological  description.  The  variety  called  merino, 
remarkable  for  the  fineness  of  its  fleece,  and  at  one  time 
limited  to  Spain,  has  been  extensively  introduced  into  Prance 
and  Ciermany,  both  as  a  pare  breed  and  as  crossed  with  others. 
Five  hundred  thousand  of  the  pare  breed  exist  in  France. 
The  clip  takes  place  in  the  month  of  May. 

The  goat  resembles  the  sheep  as  regards  the  horns ;  but 
it  differs  in  tie  direction  they  take.  Its  chanfrein,  or 
liice  and  head,  is  concave,  and  it  has  a  beard.  All  the 
species  of  this  genus  belong  to  Europe  and  Asia;  thej  live  in 
small  troops  amongst  the  rocks,  and  display  astonishing 
^ility. 

The  a^agre,  or  wild  goat,  seemingly  the  origin  of  all  the 


domestic  speciea,  lives  ill  troopa  in  the  monntains  of  Perai 
and  perhaps  even  amoDgBt  the  Alps.' 

The  bouquetin  is  aoouier  wild  speciee  inhabiting  the  sur 
mits  of  the  lofty  mountwns  of  the  Old  World, 


Fig.  214.— The  Honaon. 

The  dotoeatio  gi 
milk  u  leea  apt  to 


Fig.  21E.— Tbe  Stag, 
and  is  thui  esteemed  to  be  oreasier  digestion.  It  is  i 
animal,  dreading  neither  heat  nor  cold,   storma  i 
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Deer  are  ruminantB,  characterized  distinctly  by  the  shed- 
ding of  their  antlers.  The  species  abound, — such  as  the 
common  or  falhiw-deer,  the  red-deer,  the  roebnck,  tlie  chev- 
teuil,  the  rein-deer,  &a.  They  all  inhabit  the  forests,  and 
are  remarkable  for  their  speed  and  for  the  elegance  of  their 
tbrms.  The  antlers,  generally  peculiar  to  the  mate,  are  caat 
in  spring. 

The  antelopes  resemble  deer  in  many  respecte,  but  are 
readily  diBtinguished  from  them  by  having  persistent  horns, 
like  goats  ana  sheep.     The  chamois  belongs  to  this  group. 

The  giraffe  is  distinguished  trom  all  other  ruminanto  by 
the  form  of  the  body  and  the  nature  of  its  horns,  which  are 


s,  and  always  covered  with  the  integuments. 
!s  from  fifle«n  to  seventeen  feet  in  height,  and  the 
single  species  as  yet  known  is  peculiar  to  Africa.* 

The  carnal  ia  remarkable  lor  the  enormoua  maBS  of  fat 
found  on  the  shoulders  and  back,  single  or  double.  Of  the 
camel  there  are  two  species — the  Bactrian  with  two  humps, 
and  the  Arabian  or  dromedary  with  one.  Their  feet  are 
peculiar,  the  two  toes  being  reunited  nearly  to  the  points  by 

•  In  aonthem  Afrioi  it  ii  neiar  aeen  lo  th*  south  of  Iha  Gre>t  OnngB 


a  strong  «ole,  admirably  fitted  for  traversing  sandy  deserts. 
Without  the  camel,  moncoald  with  difficulty  have  traversed 
the  deserts  of  Asia  and  Africa.    It  in  eiceedingly  temperate 


Fig.  317.— The  Qir»ffe. 

as  to  the  use  of  water,  a  quality  which  has  been  ascribed  to 
the  peculiar  form  of  its  stomadis ;  in  two  of  these,  Isj^  celb 
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exist,  which  either  serve  as  reservoirs  or  which  have  the 
power  of  secreting  water.  In  Arabia  it  is  held  to  be  the 
most  valuable  of  animals.  Of  the  long  hair  which  it  casts 
annually,  the  Arabs  make  tents  and  clothing ;  they  use  the 
milk ;  and  as  a  beast  of  burden  and  of  sudden  flight  it  is 
invaluable. 

Einallj,  the  lama,  of  which  there  are  several  species,  is 
peculiar  to  South  America.  It  resembles  the  camel  in  many 
respects,  and  especially  in  the  structure  of  its  stomach ;  but 
it  has  no  hump. 

§  422.  The  fish-formed  mammals  comprise  only  a  single 
order — that  called  cetacea.  They  are  strictly  aquatic,  and 
resemble  fish  somewhat  in  their  forms.  In  tnese  the  pelvic 
limbs  are  wanting,  and  the  pectoral  are  converted  into 
swimming  paws  or  fins ;  the  tail  is  terminated  by  a  broad 
horizontal  nipper  composed  of  two  flanges.  The  marsouins 
(Fig.  170),  the  dolphins,  the  cachalots,  and  the  balsense,  or 
whales  properly  so  called,  belong  to  this  group. 

The  whales  are  enormous  cetaceans,  whose  head  forms 
about  a  third  of  the  length  of  the  whole  body.  In  the  mouth 
there  are  no  teeth,  but  numerous  plates  of  whalebone  depend 
at  the  sides  from  the  mucous  surface  of  the  upper  jaw.  They 
are  so  arranged  as  to  form  towards  the  mouth  a  sieve, 
calculated  to  retain  very  small  animals,  on  which  indeed 
these  huge  cetaceans  live.  The  volume  of  water  they  take  into 
the  mouth  is  expelled  through  the  nostrils ;  hence  the  name 
of  blowers  and  blow-holes  given  to  their  anterior  or  superior 
nostrils.*  Contrary  to  what  might  be  imagined,  these  enor- 
mous animals  live  generally  not  on  fishes,  but  on  small  tuol- 
lusca,  Crustacea,  zoophytes,  and  generally  the  lowest  marine 
animals.  They  swim  rapidly,  and  are  timid  and  fearful; 
hence  they  are  easily  destroyed  by  the  whalers. 

There  are  several  species  of  whalebone  whales,  but  that 
which  is  most  sought  after,  by  reason  of  the  length  of  whale- 
bone and  the  abundance  of  blubber  it  possesses,  is  the  Green- 
land whale,  or  whale  of  commerce ;  formerly  perhaps  abun- 
dant in  the  European  seas,  but  now  driven  by  persecution  to 
take  refuge  in  the  Northern  and  Polar  Seas.  It  has  no  dorsal 
fins. 

The  cachalot  or  sperm  whale  has  teeth  only  in  the  lower 

*  It  has  been  ehown  by  Scoresby,  myself,  Beale,  and  a  number  of  other 
obserrers,  that  the  pretended  ^>^  Xeau  is  merely  the  vapoar  from  its  longs. — 
B.  K. 
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jttw.andno  whalebone.  TbeeDormous  size  and  singular  form 
of  the  head  of  the  cachalot  is  owine  to  a  vast  collection  of  oil, 
which,  when  cold,  becomes  fixed,  and  Ibrms  the  substance  called 
spermaceti.     It  in  situated  in  cavities  occupying  the  uj^r 


part  of  the  face  and  head.  These  cavities  are  supported  late- 
rally by  Urgely  developed  upper  jaw-bonea,  which  give  to  the 
skeleton  of  the  bead  a  very  peculiar  appearance. 

The  whale  Sahing-,  an  important  branch  of  commerce,  and 
in  which  the  boldest  sailors  are  trained,  was  at  one  time  in 
the  hands  of  the  Basque?,  but  now  almost  exclusively  belongs 
t«  the  English  and  Americans.  The  vesaels  proceed  either 
north  or  south.  The  northern  fishery  has  for  its  oljject  the 
capture  of  the  mjsticetus,  or  Greenland  whale.  In  the  stormy 
seas  of  the  Horth,  the  whaler  attacks  the  whale  with  the 
harpoon.  The  blubber  is  found  immediately  beneath  the 
interments,  and  indeed  may  be  considered   an  forming  a 

Eortion  of  them.  Ho  £it  exists  in  the  interior  of  the  whale, 
at  the  bones,  especially  those  of  the  head,  afford  much  oil. 
The  South  Sea  Fishery  has  for  its  object  the  capture  of  the 
cachalot  or  sperm  whale,  and  is  carried  on  mostly  in  the 
Pacific  and  Japan  Seas.  The  spermaceti  is  the  object  sought 
for. 

The  dolphios  and  the  marsouins  have  the  head  much 
Hroaller  than  the  true  whales,  and  they  have  teeth  in  both 
jaws ;  they  are  eitremeiy  carnivorous.  Lastly,  there  are 
cetacea  which  are  herbivorous ;  these  are  the  Ismantine  and 
dugong. 
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§  423.  The  diviHion  of  the  manunalia  called  didelphiao, 

IB  characterized  bj  phyBJoIogiciil  diatinctions  of  great  impor- 
tance. In  general,  the  yonng  are  bom  prematurely,  aa  it 
were,  and  exceedingly  imperfect,  and  they  seem,  wbilat  in  the 
womb,  not  to  be  nouridied  by  a  placenta,  as  is  the  case  with 
all  the  monodelphs.  The  brain  is  comparatively  smooth, 
and  without  a  corpus  callos'^m ;  and  marsupial  bones  attached 
to  the  pelvis  (Fig.  183),  give  a  peculiar  character  to  the 
ekeletou. 

This  group  is  composed  of  two  orders — the  martjipial  and 
monol7vme>. 

§  424.  The  order  marsupialia  is  chiefly  characterized  by 
the  presence  of  a  sort  of  pouch,  destined  to  hold  the  young 
whilst  attached  t«  the  nipple,  and  during  the  early  period  of 
their  growth.  A  description  of  this  pouch,  with  a  drawing 
of  the  form  of  the  marsupial  hones,  will  be  found  in  Fig.  171. 
The  food  of  the  marsupialia  is  various,  some  being  imiectivo- 
rous,  others  herbivorous,  others  otmivoronB,  whilst  some 
strongly  resemble  the  class  rodenta.   They  nearly  all  belong  to 


Fig.  21B.-] 


Australia  and  Tasmania.  The  sarigues  (Fig.  17X),thepbalan- 
gers,  and  the  kangaroos  (Fig.  219),  chiefly  represent  the  group. 
§  425.  Finally,  the  order  called  monotremes  seems  to 
connect  the  mammal  with  the  oviparoun  vertebrata.  The 
intestine  terminates,  as  in  birds,  in  a  cloaca,  and  the  repro- 
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dncliTe  OTgtuu  present  manj  BDOmaliea.    The  dental  B^stem 
ia  miliineDtarj,  and  in  some  a  hornj  covering  of  the  jaws 


Fig.  220.— The  OmithorhTSchuB. 

gives  to  them  the  appearance  of  a  duck'o  bill.  As  jet  only 
two  genera  of  this  siugular  cUss  is  known ;  the  omitho- 
rhynchns  (Fig.  220),  ana  the  echidna. 


THE   CLASS   BIRDS. 

§  426.  The  class  birds  is  one  of  the  beet  defined  and  most 
distinct,  whether  viewed  with  reference  to  the  exterior  or 
interior.  Birds  are  oviparous  vertebrate  animals,  with  a 
doable  and  complete  circmatian ;  to  which  may  be  added,  that 
the  respiration  is  aerieo  and  double;  which  means,  that  instead 
of  being  confined  to  the  lungs,  as  in  mammals,  the  air  pene- 
trates throughout  the  body  and  even  into  the  interior  of  the 
bones;  their  blood  is  hot,  as  in  mammais.  Finally,  they  are 
covered  with  feathers,  and  their  pectoral  extremities  have  the 
form  and  character  of  wings. 


Birds  Beldom  attain  a  great  size,  and  their  todies  are  light 
in  oonBeqaence  of  the  penetration  of  the  air  int*  their  intenor. 
Thev  do  not  vary  much  in  their  internal  struoture. 

§  427.  Feathers  are  analogoia  to  hair,  but  are  more  com- 
plex in  Btmcture.  A  homy  tube  is  first  observed,  pierced  at 
ita  extremity,  a  stalk  anrmounting  this  tube.  FinaJly,  barba, 
growing  from  the  sides  of  the  stalk;  these  are  fiioged  with 
barbuJes;  and  these  agdnare  sometimes  fringedwithotherH 
still  smaller. 


Kg,  aai.— Qale»l«d  Caetrm^Tj. 
The  secreting  organ  of  the  feather  is  called  the  capsule.  It 
would  leem  tJiat  so  long  as  the  feather  grows,  or  is  being 
developed,  the  capsule  increases  in  length,  and  that  in  pro- 
portion as  its  base  elongates,  the  eitremity  dies,  and  dries  up 
so  soon  as  it  has  formed  the  corresponding  portion  of  this 
appendage.  Each  of  these  small  apparatuses  is  composed  of  a 
oylindriral  sheath,  covered  internally  by  two  tunics,  united  by 
oblique  septa,  and  of  a  central  bnlb.  The  substance  of  the 
feather  is  formed  on  the  surface  of  the  bnlb,  and  Ui  form  the 
barbs  it  is  moulded,  as  it  were,  into  the  spaces  which  the 
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small  septa  leave  between  them.  In  the  corresponding  por- 
tion of  the  stalk,  the  bulb  is  in  relation  with  its  inferior 
surface,  and  dies;  but  where  the  stalk  of  the  feather  is 
tubular,  the  lamina  of  homy  matter  which  the  bulb  pro- 
duces turns  entirely  round  it,  and  envelopes  it  completely. 
Nevertheless,  the  bulb,  as  it  fulfils  these  functions,  still 
dries  up  and  dies,  and  thus  withering  successively  it  forms 
a  series  of  membranous  cones  set  into  each  other,  which 
fill  the  interior  of  the  tube,  and  are  called  the  soul  of  the 
feather. 

The  young  feather  is  at  first  enclosed  within  the  sheath  of 
the  capsule,  which  often  projects  several  inches  beyond  the 
integuments,  and  is  gradually  destroyed.  The  feather  then 
appears  uncovered,  and  its  barbs,  at  first  rolled  up,  spread  out 
laterally.  The  extremity  of  the  quill  remains  embedded  in 
the  dermis,  but  generally  may  be  readily  detached,  and  at  a 
certa,in  period  falls,  to  be  replaced  by  a  new  feather.  This 
renewal  of  the  feathers  is  called  moulting,  and  takes  place 
annually,  soon  after  the  season  for  laying  the  eggs ;  but 
sometimes  it  occurs  twice  in  the  year.  At  that  period  the 
bird  loses  its  voice,  and  is  ill  at  ease. 

The  form  of  these  integumentary  appendages  varies  much  ; 
some  resemble  the  spines  of  the  porcupine.  In  the  wing  of 
the  cassowary  are  four  or  five  such ;  in  others,  as  in  the  eagle 
and  raven,  the  barbs  are  stifi^,  and  provided  with  barbules, 
which,  being  interlocked  with  those  of  the  adjoining  feather, 
prevents  the  passage  of  the  air  through  them.  In  others,  as 
in  the  tail  and  wings  of  the  ostrich,  the  barbs  and  barbules  are 
long,  soft,  silky,  and  apart.  Finally,  in  others  they  resemble 
a  kmd  of  down,  and  this  may  be  seen  in  certain  storks,  which 
are  known  by  the  name  of  marabouts.  Their  colours  vary 
infinitely,  and  often  surpass  in  beauty  the  finest  flowers  or 
precious  stones.  The  plumage  of  the  male  is  generally  more 
brilliant  than  that  of  the  female ;  and  it  seldom  happens  that 
the  young  bird  preserves  the  same  character  of  plumage 
throughout  life.  They  ofl^n  change,  for  two  or  three  years 
consecutively,  and  sometimes  the  adult  has  a  summer  and 
winter  plumage  quite  distinct.  Finally,  aquatic  birds  have 
their  plumage  besmeared  with  an  oily  fluid,  rendering  them 
impenetrable  to  water,  and  thus  preserving  the  skin  under- 
neath. 

§  428.  The  skeleton  is  composed  of  nearly  the  same  ele- 
ments as  in  mammals,  but  the  form  and  disposition  of  many 
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of  the  bones  are  different,  and,  cateria  parUmt,  their  bones 
are  much  lighter  than  those  of  mammaJs,  being  more  or  less 
filled  with  Mr. 

The  head  of  birds  (Fig.  223)  ia  generally  small;  in  the 

Cong  bird  the  cranium  is  composed  of  the  same  nnmber  of 
nes  as  in  mum  male,  but  thej  unite  verj  early  blether,  and 
the  satures  disappear.    The  face  is  iii  a  great  measure  formed 


Eig.  222.— Skdettm  of  the  Ooelwd. 

of  the  jaws,  which  are  much  elongated,  and  being  chiefly  em- 
ployed by  Uie  bird  as  instrumenta  of  prehension,  vary  exceed- 
mgly  in  their  character,  according  to  the  nature  of  the  bird,  the 
food  it  Uvea  on,  and  the  prey  it  attacks.  The  superior  maa- 
ible  is  so  articulated  witn  the  cranium  as  lo  admit  of  motion  in 
tlwcranium,  independent  of  the  lower  jaw,  which  never  occurs 
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in  mammals;  and  the  inferior,  instead  of  being  articulated 
directly  with  the  cranium  by  means  of  condyles,  is  connected 
therewith  through  the  intermedium  of  a  distinct  bone,  called 
tympanic  or  os  quadratum,  generally  considered  to  be  a 
portion  of  the  temporal  bone  (the  osseous  meatus),  and  remain- 
ing distinct  throughout  life.  Moreover,  each  branch  of  the 
lower  jaw  is  composed  of  two  segments,  and  it  is  by  a  fossette 
that  it  articulates  with  the  tympanic  bone. 

The  mode  of  articulation  of  the  head  with  the  vertebral 
column  admits  of  much  more  extended  movements  in  birds 
than  in  mammals ;  the  articulation  is  formed  of  a  single  con- 
dyle, a  sort  of  semi-spherical  pivot  placed  in  the  mesial  line 
of  the  body,  and  received  into  a  corresponding  articular  cavity 
in  the  atlas. 

Orbit.    Inter-Orbitar  Septum. 
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Fig.  223.— Head  of  the  Eagle. 

§  429.  The  neck  in  birds  is  generally  much  longer  than 
in  mammals.  The  higher  they  are  elevated  on  their  limbs, 
the  longer  must  the  neck  become,  the  jaws  being  the  principal 
organs  of  prehension  (Fi^.  222) ;  in  the  swan,  the  neck  ex- 
ceeds the  height  of  the  body,  thus  enabling  it  to  seek  its 
prey  at  considerable  depths  while  swimming.  Thus  the 
number  of  cervical  vertebrae  varies  greatly,  according  to  the 
species ;  from  twelve  to  fifteen  is  the  usual  number,  but  there 
may  be  fewer,  and  occasionally  there  are  as  many,  or  more, 
than  twenty;  they  are  extremely  moveable  on  each  other, 
and  this  they  owe  to  the  forms  of  their  articular  surfaces.* 
This  an'angement  is  remarkable  in  wading  birds,  as  in  storks ; 

*  These  articular  lurfaoes  are  oonoave  on  one  aspect  and  convex  on  the 
other  (ball'and'Sooket) .  In  the  upper  part  of  the  neck  they  permit  of  free 
flexion  forwards,  but  about  the  middle  of  the  neok  they  admit  only  of 
flexion  backwards;  whilst  again,  towards  the  base  of  the  neck,  they  admit 
only  of  flexion  forwards. 
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numerous  processes  for  the  insertion  of  muscles  assist  in  these 
motions. 

On  the  other  hand,  in  almost  all  birds  the  vertebrae  of  the 
back  are  nearly  fixed  or  immovable,  and  this,  no  doubt,  is  to 
enable  the  wings  to  find  in  this  part  of  the  trunk  a  point  of 
support.  In  general,  they  are  consolidated  or  united  into 
one,  but  in  birds  which  do  not  fly,  as  the  ostrich  and  cassowary 
(Fig.  138),  they  remain  distinct,  and  preserve  their  mobility. 
The  lumbar  and  sacral  vertebrae  unite  into  one ;  the  coccygeal 
are  small  and  moveable,  the  last  generally  larger  than  the 
others,  and  is  raised  into  a  crest.  It  supports  the  large  fea- 
thers of  the  taU  (Fig.  222). 

§  430.  The  rihs  of  birds  show  some  peculiarities  tending 
to  give  solidity  to  the  chest  or  thorax.  The  cartilage  uniting 
the  rib  to  the  sternum  is  osseous  in  the  bird,  and  each  rib 
has  a  process,  which,  running  backwards  over  the  other  rib, 
so  overlaps  them  that  all  the  ribs  support  each  other. 

But  the  most  remarkable  part  of  the  skeleton  of  the  thorax 
is  the  sternum  (Fig.  224),  which,  giving  attachment  to  the 
muscles  used  in  flight,  assumes  an  extraordinary  develop- 
ment, enclosing  not  only  the  thorax,  but  a  large  part  of  the 
abdomen.  In  the  cassowary  and  ostrich  (Fig.  138)  which  do 
not  fly,  the  sternum  has  no  external  crest,  and  the  wings  are 
rudimentary ;  but  this  exists  in  other  birds,  and  is  called  the 
keel  or  hrechet  (5,  Fig.  224) ;  by  multiplying  the  muscular 
attachments  favourably,  it  gives  more  force  to  the  depressor 
muscles  of  the  wings. 

§  431.  The  bones  of  the  shoulder  are  in  like  manner 
favourable  for  the  action  of  the  wings.  The  scapula  (o)  is 
narrow  and  elongated,  and  placed  in  the  axis  of  the  spine ;  it 
rests  on  the  sternum  not  only  by  the  clavicles  called  four- 
ckette  or  merrythought  (/*),  but  also  by  the  clavicles  called 
coracoid  (c),  so  termed  because  they  seem  to  be  prolongations 
of  the  coracoid  process  in  man.  The  clavicles  called  fourchett« 
unite  generally  below  with  each  other,  and  are  attached  to  the 
crest  of  the  sternum,  and,  together  with  the  powerful  coracoid 
clavicles  offer  a  strong  point  d'appui  for  the  wings  to  act  on, 
and  these  structures  are  proportioned  to  the  power  of  flight  of 
the  bird.  Thus,  in  some  of  the  terrestrial  paroquets  of  Aus- 
tralia, these  bones  are  reduced  to  an  almost  rudimentary  state ; 
in  the  cassowary  and  American  ostrich  the  fourchette  is  repre- 
sented by  two  small  stylets;  in  the  African  ostrich  and 
the  toucan  they  nearly  reach  the  sternum,  but  do  noii  unite 


iiireriortf ;  finally,  in  some  owls  they  are  united  inferiorly  hj 
cartilage,  whilst  in  the  greater  number  of  birds  their  bony 
union  19  complete.  In  many  instances  they  form  a  crest  at 
this  point  of  union,  and  seek  a  direct  support  from  the 
sternum. 

The  anterior  entremities  of  birda  are  employed  only  as 
wings ;  they  must  not  be  confounded  with  the  so-called  wings 
of  IwitB,  which  we  have  already  seen  to  be  of  an  entirely  dif- 
ferent nature;  they  are  formed  of  stiff  feathers  or  quills, 
which  require  to  be  fixed  only  at  their  base,  and  the  hand  in 
consequence  leases  to  present  any  appearance  of  fingers. 


§  432.  The  large  (juills  of  the  wings  are  called  rimtges, 
and  it  is  more  on  their  length  and  strength  than  on  the 
extent  of  the  bones,  that  the  power  of  flight  depends.  Baoh 
time  the  bird  prepares  for  flight  he  raises  the  arm  and  its 
plum^e  unfolded;  then  he  enfolds  it  by  extending  the  arm, 
at  the  same  time  suddenly  depressing  it;  the  air  which 
is  struck  forms  tiie  point  of  support  and  resistance  to  a  down- 
ward movement;  upon  it  he  rises  like  a  projectile,  and  the 
impulsion  once  given  to  the  body  is  maintained  and  directed 
by  the  same  instruments  and  movements ;  the  bird  would 
soon  fall  to  the  earth  by  the  force  of  gravity,  but  before  the 
speed  acquired  by  the  first  effort  is  exhausted,  a  second  and  a 
third  take  place,  continuing  the  living  prqectile  in  its  course. 
Whilst   the   bird   is  bemg  liius  suspended  in  the  air,  it 
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becomes  necessary  for  it  to  maintain  its  equilibrium  in  this 
position;  and  in  order  to  secure  this,  its  centre  of  gravity 
(§  285)  must  be  placed  under  the  shoulders,  and  as  low  as 
possible ;  for  this  reason,  during  flight  the  bird  carries  the 
head  well  forward,  the  neck  being  on  the  stretch,  and  the 
body  heaped  together,  as  it  were,  into  an  oval  form. 


b 

Fig.  225.— Wing  of  the  Falcon* 

It  is  obvious,  on  the  plainest  mechanical  principles,  that,  all 
things  being  equal,  the  faculty  and  power  of  flight  will  be  in 
the  ratio  of  the  extent  of  the  wings,  these  being  the  moving 
force;  and  in  fact  all  birds  remarkable  for  their  power  of 
sustaining  a  long  and  rapid  flight  have  large  wings,  the  opjK)- 
site  being  the  case  with  birds  of  low,  slow,  and  short  flight ; 
the  condor  (American  vulture.  Vulture  of  the  Andes)  and  the 
sea  bird  caHedfrigate,  are  good  examples  of  such  powers  of 
flight.  The  dwelling  of  the  condor  is  on  the  lofty  peaks  of 
the  Cordilleras,  from  whence  he  descends  to  the  ocean  at  a 
sweep,  regardless  of  the  effect  of  rapid  changes  in  the  tem- 
perature and  in  the  pressure  of  the  atmosphere.  They  are 
said  to  be  strong  enough  to  carry  off*  in  their  talons  sheep 
and  lamas,  and  when  united  in  numbers,  to  attack  and  kill  an 
ox.f  The  birds  called  frigates  have  the  wings  propoiiionally 
longer,  and  are  met  with  in  tropical  seas  at  the  distance  of 
four  hundred  leagues  from  land. 

To  rise  vertically,  the  wings  of  the  bird  must  be  carried 
horizontally;  but  this  is  seldom  the  case,  and  from  the 
obliquity  of  their  position  they  impress  on  the  motions  of 
the  bird  an  oblique  ascensional  movement ;  occasionally  this 
obliquity  is  so  great  that,  in  order  to  rise  vertically  through 

•  a,  rSmiffet,  or  primary  quillB  of  the  hand:  b,  secondary  qoills,  or  those 
of  the  fore-arm ;  d,  bastard  quills,  or  those  of  the  thumb. 

t  The  South  African  Vultures,  which  I  have  seen  in  vast  numbers  in 
Southern  Africa,  have  the  same  habits ;  they  are  a  cowardly  bird,  not- 
withstanding their  strength  and  size. — B.  K. 
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the  air,  the  bird  is  obliged  to  Ay  agiunst  the  wind.  The 
relative  len^h  of  the  rimigen  iofluenWH  the  facility  with 
which  the  bird  rises  in  calm  air.  Birds  which  have  the  Ulte- 
rior r^iget  the  longest  and  most   resiatant,  have  a  more 


Fig.22S.— TheBiidea 


Thus  the  falcons  (Pig.  2 
rise  only  in  zig-zag,  like  i 


ettfle,  and  other  birdii  of  prey,  otlled  bane  or  ignoble,  whose 
wings  are  truncated  at  the  extremities,  can  rise  vertically 
throogb  the  air. 

In  rising  from  the  soil,  the  bird  first  springs  or  leaps  fiv^m 
the  ground  by  meana  of  hi^  feet ;  if  these  (tli*  limbs)  be  too 
short,  OS  in  the  case  of  the  martinets,  they  find  it  difficult  to 
make  the  first  bound,  and  seek  a  declivity  to  enable  them  to 
have  room  for  the  expansion  and  action  of  their  wings. 

Birds  in  their  flight  ore  assisted  by  the  tail  feathers,  which 
seem  t«  act  as  a  rudder  in  directing  their  course, 

§  433.  When  resting  on  the  soil,  the  bird  is  strictly  a 
biped,  and  hence  the  necessity  for  a  broad  and  large  pelvis, 
firinly  fixed  to  the  vertebral  column.     The  haunch  bonea  are, 
in  fact,  extremely  developed  in  birds,  and  they  form,  with  the 
lumbar  and  sacral  vertebra;,  a  single  oaseoua  mass  (Fie.  222), 
In  general  this  osseous  girdle  is  incomplete  anteriorly ;  the 
bones  of  the  pnbi«  do  not  unite  with  each  other  in  &ont, 
whilst  the  ischiatic  portions  uuite 
with  the  sacrUm,  so  that  tlie  so- 
called  notch  in  mammals  becomes 
in  birds  a  foramen  or  hole.     The 
thigh  bone  is  short  and  straight, 
and  the  leg  is  composed,  as   in 
mammals,  of  a  tibia,  libnla,  and 
rotula  J  but  the  fibula  is  united  to 
the  tibia  before  reaching  the  lower 
port  of  the  leg.     A  smgle  bone 
represents  the  tarsus  and  meta- 
tarxus ;  this  supports  or  carries  the 
toes,   never    more  than    four    in 
number;  sometimes  the  great  t«e 
disappears,   and  occasionally  the 
one  npit  it,  thus  leaving  three  or 
^^■^'wo^Sr^''^'''*'      •»"'?  ''"''  (^'S'  221).  The  number 
of  tne  phalanges  increases  progrea- 
siittly  from  within  outwards,  from  the  great  toe  to  the  ex- 
temal  or  fourth,  from  two  to  five.     Finally,  of  these  four  Ijjes, 
three  in  general  are  directed  forward,  the  thumb  or  great  toe 
being  tnmed  backwards ;  but  sometimes  the  external  toe  is 
also  turned  backwards,  as  especially  in  climbing  birds,  the 
paroquets,  toucans,  and  woodpeckers,  &c.  (Fig.  238). 

Whilst  the  bird  rests  upon  its  feet  on  the  soil,  it  is  neces- 
sary that  the  centre  of  gravity  fall  within  the  base  of  susten- 
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tation ;  hence  the  atjlitj  of  the  eitremelj  flexed  t^igh  and 
the  obliquity  of  the  tarsus  on  the  leg.  When  the  foot  is 
large  and  broad,  and  the  neck  ie  eo  flexible  as  to  carrf  the 
head  well  backwards,  the  equilibrium  ma;  be  thus  maint^ed 
without  abandoning  tlie  horizontal  position  (Fig.  229);  but 
when  the  neck  is  i£ort,  the  head  large,  and  the  toes  of  mode- 
rat*  length,  the  bird  ia  forced  to  mamtain  an  almost  vertical 
position  (Fig.  230).  To  maintain  their  equilibrium,  birds 
place  the  head  under  the  wing  whilst  they  sleep  perched  on 
one  foot  (Fig.  240).  The  mechanism  by  which  they  stand 
with  Buch  ease  and  for  such  a  length  of  time  on  one  foot,  is 
this :  the  lower  extremity  of  the  femur  presents  a  hollow,  in 
which  is  lodged,  during  the  extension  of  the  limb,  the  top  of 
the  tibia,  which  cannot  quit  this  cavity  but  by  a  muscular 
effort.  The  foot  once  spread  out,  remains  bo,  requiring  no 
further  muscular  effort,  and  consequently  ^viug  rise  to  no 

Most  birds  perch,  and  it  is  easier  for  them  to  spread  their 


Fig.  Z!8.-Tlie  Ibia.  Pig.  S30.-HBncliot. 

wings  and  take  flight  when  perched  on  a  branch  of  a  tree  or 
rocky  edge,  than  when  resting  on  the  level  ground.  In  order 
to  ^ch  with  safety,  they  embrace  the  bough  closely  with 
their  toes;  and  if  this  requiredaniacessantmuscular  effort,  it 
could  not  he  supported  for  any  length  of  time.  A  mechanical 
contrivance  enables  the  bird  to  dispense  with  this  even  whilst 
asleep.    The  flexor  muscles  of  the  toes  pass  over  the  articula-^ 


tioDB  of  the  knee  and  heel  in  snch  a  way  that,  whilirt  thejwe 
flexed,  they  act  on  the  tendons  of  these  mascleB,  and  »    '" 
the  toes.    The  weight  of  tite  bod;  assists  in  this 
which  enables  the  bird  to  perch  without  fatigae. 


.— Tha  BojbI  E<igl«. 


■      "\ 
I 

The  differences  which  exist  in  tlm  form  of  the  feet  of  biri 
have  a  reference  to  the  mode  of  life  and  habits  of  the  aniiml.  . 
In  the  cassowary  (Fig.  221)  and  ostrich  (Fig.  2B2),  birds  » 
rapid  in  running  as  the  horse,  the  paws  are  not  only  robnit, 
but  long,  and  the  feet  comparatively  small.*  In  the  messei^ 
(the  /alco  serpentariit»,  or  secretary  bird),  which  purante 
serpents  as  his  food,  following  them  with  long  strides,  thif 
conformation  of  the  foot  is  also  observed.  In  the  eagle  (Fig 
231),  falcon,  vulture,  &c.,  these  organs  are  not  merely  robust, 
but  strong,  and  the  toes  are  armed  with  talons,  lar^,  hooked, 
and  sharp,  with  which  they  seize,  tear,  destroy,  and  carry  ol 
their  prey.  Birds  destined  to  live  by  the  margins  of  rivers. 
and  to  hunt  for  worms  and  fishes  iu  shallow  waters,  or  by 

loDguei,  ft  le  Died  coiDpMtivemeut  p«tic."    But  in  tho  word  foot  (pirdl. 
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wsding,  have  tlie  limbs  {paltet)  slender,  of  ereat  leneth,  and 
naked,  or  without  feathers  as  far  aa  the  knee  (Fig.  233) ;  hence 
tbeir  name  of  echatmiers,  or  wadem.  Finally,  in  some  species 
the  feet  [pattet,  digital  part  of  the  foot)  are  palmatea,  and 


Fig.  23!.— Atricm  Ostrich.  Fig.  233— Bcbuie  d'Europr. 

thus  converted,  by  an  expan»ion  of  the  integumentd,  inlo  a 
kind  of  oar.  The  laxity  of  this  membrane  permits  of  the 
full  expansion  of  the  foot,  aa  ma^he  seen  in  ducks  (Fig.  234), 
swan»,  and  in  a  great  number  of  aquatic  birds. 

§  434.  The  tactile  senaibilit;  is  but  little  developed  in 
birds,  and  the  form  of  tlicir  wings  and  feet  is  also  unfavour- 
able ibi'  itd  exercise.  The  taiite  is  more  or  less  obtuse,  and 
their  cartilaginous  tongue,  without  nervoux  papilla,  seems 
ill-adapted  for  taste  (Fig.  247).  They  seem  to  swallow  their 
food  without  tasting  it.  The  sense  of  smell  appears  stronger, 
but  yet  not  much  developed.  The  nasal  fosste  are  hollowed 
out  of  the  base  of  the  upper  mandible  (Fig.  223),  without 
commuiii eating  with  the  smuses.  The^  have  a  very  vascular 
pituitary  mcmorane,  and  three  cartilaginous  laminie{comef>) 
rolled  on  themselves,  resembling  the  turbinated  bones  of 
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Tbeee  laminie  seem  to  be  better  developed  in  birds 
of  pre;^  than  in  others,  leading  one  to  suppose  that  the  senae  of 
smell  IS  Bcnt«iathiB  oUsh  of  Dirds;  utdthis  has  been  asserted, 
but  eiperimentft  and  observations  of  recent  zooli^ats  tend  to 
proretbat  eTenin  these  the  pre;  is  detented  b;  the  aieht.and 
not  by  the  smell.*  The  apparatus  of  hearing  is  simpler  than 
in  matnmaJB.  The  external  ear  (figured  part  of  the  ear)  is 
wanting,  and  the  apparatus  is  reduced  to  an  external  tube, 
a  tympanic  cavity,  and  internal  ear.f  But  the  oivan  of  sight 
seems  t^  be  more  i>erfect  than  in  mammals.  The  eyes  are 
la^r  proportionallv,  and  new  parts  exist.  The  relina  is 
thick,  and  connected  by  means  of  a  fold  passing  from  the 
choroid  to  the  capsule  of  the  lens.  It  has  been  callvi  pecten, 
and  by  some  is  thonght  to  be  a  dependence  of  the  retina. 
The  pupil  IK  always  round,  the  cornea  large,  and  the  sclerotic 


■  As  euly  m  1817, 1  «oer<.iDed,  bj  direol 
Alti«D  Tulture  ii  solely  guided  by  sight  in  diw 


tolniy  guided  by  slgr 
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furhished  with  osseous  plates  auteriorly,  whose  form  varies 
with  the  genus  and  species.  Laehrymal  glands  always  exist, 
and  besides  the  horizontal  eyelids,  tney  have  a  third,  vertical, 
moveable,  and  elastic,  which  can  be  drawn  completely  over  the 
surface  of  the  eye. 

Birds  are  well  known  to  have  a  piercing  and  most  distinct 
vision  at  all  distances,  that  is  to  say,  the  most  camplste 
adaptation  of  sight*  On  what  this  depends  is  not  clearly 
known,  some  ascribing  it  to  the  mobility  of  the  osseous  plates 
and  to  the  varying  form  of  the  lens  in  this  class  of  animals."* 

The  nervous  system  presents  the  following  peculiarities. 
The  encephalon  is  less  developed  than  in  mammals,  but  the 
cerebral  hemispheres  (Fig.  235)  still 
maintain  their  superiority  over  the  other 
parts.  The  great  commissure,  called 
corpus  calhsum,  is  wanting,  and  there 
are  no  cerebral  convolutions.  The 
optic  lobes,  or  thalami  (o),  which  in 
mammals  are  small,  and  concealed  by 
the  overlapping  of  the  hemispheres,  are 
here  exposed  and  visible  without  dis- 
section.   They  are  proportionally  much 

lar^r,  and  instead  of  being  solid,  are  

hollow,  like  the  cerebral  lobes.  The  cere-      ».    «ob-    ■«   •     x. 

1    n  /   \     •  1   j_  11  ^^%'  236.— Bram  of 

bellum  (o)   is  grooved  transversely  by  the  Ostrich, 

parallel  and  converging  lines;  it  is 
almost  wholly  formed  by  the  median  portion;  this  in 
mammals  is  small  compared  with  the  hemispheres  or  lateral 
portions,  which  remain  rudimentary,  as  it  were,  in  birds,  espe- 
cially in  bad  flyers.  The  annular  protuberance,  or  pons  of 
Varolius,is  wanting  in  birds,  as  well  as  in  reptiles  and  fishes. 
Finally,  the  medulla  spinalis  (e)  is  generally  very  long,  and 
has  two  swellings  in  its  course,  corresponding  to  the  going  off 
of  the  nerves  of  the  wings  and  limbs  or  feet.  The  former  is 
the  stronger  in  birds  of  powerM  flight,  and  vice  versd. 

§  435.  The  food  of  oirds  is  very  varied:  grains,  insects, 
fishes,  flesh,  fresh  or  putrid.  They  use  the  feet  sometimes  as 
instruments  of  prehension,  but  the  bill  is  always  the  prin- 
cipal or^n  employed  for  this  purpose;  thus  its  nature 
varies  with  the  lood,  and  it  becomes  an  important  character 
in  classification.      A  horny  covering,  solid,  and  more  or 

*  The  higU^-developed  annolos  albas  seems  oonneeted  with  this  adaptire 
power. — B.  K. 
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leas  hard,  covers  the  oaseoua  bill  ext^mally,  converting  it  into 
a  sort  of  catting  imd  tearing  instrument ;  but  the  bird  never 
lias  any  true  teeth ;  hence  there  is  no  mastication,  properly  so 
called.  In  birds  which  lire  on  flesh  and  tear  their  pre; — 
the  fahxinB  (Fig.  237),  the  eagles  (Fi^.  23,)  and  the 
vulturea  (Pje.  239) — the  npper  mandible  is  ahort,  strong, 
hooked,  and  terminated  by  a  sharp  point ;  it  is  occa- 
sionally serrated,  and  the  more  or  less  sangainary  charac- 
ter of  the  bttd  may  be  judged  of  by  these  straetureB.    Thus 


Fig.  23S.— The  KJM.  Bg.  £37.— The  Taloon. 

the  &]con  (Fig.  237),  which  has  all  these  characters  of  the  bill 
in  the  highest  perfection)  is  the  boldest  of  all  birds  of  prey  ; 
whilst  the  kite  and  vulture,  in  which  the  bill  is  soileT,  less 
hooked,  and  not  serrated,  are  cowardly ;  the  vulture  chiefly 
living  on  dead  or  dying  animaln.  Sea  birds  which  live  on 
fish  have  the  bill  long  and  houbed 
(Fig.  238),  but  much  longer  and  softer 
than  in  the  true  birds  of  prey  already 

rken  of.  In  others,  vmich  searcli 
small  fishes  and  reptiles  wliich 
may  be  eaxily  swallowed,  the  bill  be- 
oomes  still  more  elongated,  resembling 
a  pair  of  pincers.  Such  we  find  in  the 
kingfishers  (Fig.  244)  and  the  cigogne 
a  sac  (adjutant),  (Pig.  240).  "B&da 
which  live  on  insects  (insectivorous), 
_i    „-. '  worms,  grains,  and  fmita,  have  nothing 

'■  of  the  kind.     In  the  first,  the   bill   is 

very  slender,  and  but  slightly  carved,  or  even  straight,  and 
much    elongated  (Fig.   241) ;   but  if  they  take   small    in- 
sects on  the  wing,  then  their  bill  is  short  and  broad  and   . 
widely  dei^  as  in  swdlowe,  goat-suckers  (Fig.  242),  &c.    The 
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^raniroroas  have  the  bill  short,  thick,  arched  above,  or 
conical,  and  generally  straight  (Fig.  243).  The  pelicans  pre- 
sent a  remarkable  modificatiou  of  the  bill ;  between  the  two 


Vig.  138.— The  YeOaw  Voltare. 


branches  of  the  loner  jaw  there  is  a  wide  cntaneona  expan- 


l^f^^^ 


FiK,Ml.— Onipier 
(Bee-Citiiher). 


But  Boroe  birds  present  singularities  in  the  form  of  the  bill, 
the  uses  of  which  are  not  noderstood.  Snch  for  example  is 
the  bill  of  the  rhmoceros  hombill,  or  calao  (Fig.  246). 


§  436.  The  tongue  in  Bome  birds  becomes  an  instnunent 
of  prehemiioD,  and  is  modified  accordinglT.  The  lineal  bones 
(A,  Fig.  24?)  aie  prolonged  backwards  behind  the  head,  and 
these  prolongations  give  atUcbment  to  musdea  (n>),  found 


Fig.  Ua.—Tie  Upm 


anteriorly  to  the  lower  jaw.  When  these  muscles  contract, 
the;  pull  forward  the  Dyoid  or  lingual  bones,  and  these 
pOMi  the  tongue  out  of  the  month  t4)  a  considerable    dis' 


tance.     This  structore  is  most  remarkable  in  the  woodpecka, 
and  in  others  wbieb  dart  the  tongue  rapidly  at  insecta  (Fig. 
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248).     In  the  parrot,  whicli  to  a  certain  d^ree  n 

food,  the  tongue  is  thick  and  fleshj ;  in  Krda  of  prey  it  i 


Fi(.  MS.— OklM  i  Cwqoe  en  nvliuiit  (ItluDoenDa  Honlnll). 

still  Bomewhat  large  and  soft ;  in  moat  of  the  granivora 
(Fig.  247),  it  is  diy,  triangolar,  and  rough  towards  ita  base. 


irith  small  cartilaginooH  points  i  finally,  in  cert^  insectivore 
its  extremity  is  armed  with  hooks,  and  serrated  or  notched. 


abt  of  small  masses  of  little  Tonnded  follicles. .  The  saliva  ia 
generallv  thick  and  BometimeB  glaiBh. 

§  43?.  There  is  no  velnm  palatd  between  the  mouth  and 
the  phaoyni.  ThegQllet(Fig,  249),  towards  the  lower  part  of 
the  ueck,  oommuoicatcB  with  an  enlarged  pouch  called  the  crop, 
the  walls  of  which  are  memhranons.  In  this  cavity,  which, 
varies  much  in  different  birds,  the  food  remains  for  a  time. 
The  crop  is  most  developed  in  granivorons  birds ;  it  ia  also 
found  in  birds  of  prev,  but  it  is  wanting  b  the  oHtrich  and  in 
most  ^Bcivorous  birds.  Below  this  ^largement  the  gullet 
contracts,  but  soon  enlarges  to  fonn  a  second  dilatation,  called 
the  ventriculua  snccontiiriatns,  an  the  inner  surface  of  which 
numerous  pores  may  be  seen,  leadinc  to  the  follicles  which 
secrete  a  gastric  juice.  This  second  stomach  is  generally 
small,  but  it  is  larger  when  the  crop  is  wanting.  Finally, 
this  second  stomach  leads  inferiorly  mto  a  third,  called  the 
gizzard,  in  which  the  chvmification  seems  to  be  finished. 
This  varies  in  capacity  and  structure.  In  flesh-eating  birds, 
the  gizzard  is  thin  and  membranous ;  but  in  the  granivora  it 
is  powerfoll;  mascolar,  and  ita  inner  suriace  is  protected  by 
an  epidermis  almost  cartil^nous.    Its  strength  is  ' 


Fig.  a«.— Hwd  of  the  Woodp«ker. 

In  the  ostrich,  the  hardest  substances  are  acted  on  by  it,  and 
seems  to  perform  the  office  of  a  masticatory  apparatus. 

The  intestine  following  these  stomachs  is  much  shorter 
than  in  mammals,  but  is  composed  also  of  two  portions.  The 
first,  after  forming  the  first  turn,  winds  in  various  directions; 
the  second  differs  but  little  from  the  first,  and  ia  smooth  exter- 
nally, bat  is  in  general  easily  distinguished  from  the  first  by 
two  ctBca  or  elongated  cul  de  lact,  which  exist  at  its  com- 
mencement. These  appendages  are  very  small  or  absent  in 
birds  of  pre}[,  but  are  large  in  granivorous  birds. 

The  liver  is  very  large,  and  fills  a  great  part  of  tie  thorax  as 


well  aa  of  the  abdomen;  these  two  cavities  not  being  diathict 
as  b  mamnials,  the  diBphragm  is  rudimentaTy.    Tms  gland. 


Tig.  Sie.— ngntira  Ai^MMtna  of  the  Commoa  Fori. 

the  liver,  b  dividfld  mto  two  1obes,neBrt;f  equal,  and  ^vee  ori^n 
to  two  hepatdo  canals,  which,  afl«i'  uniting,  enter  the  istostme. 
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Finally,  a  pdl-bladder  is  almost  always  present,  whicli  receives 
from  the  liver  a  portion  of  bile,  and  pours  it  into  the  intestine 
by  a  distinct  canal.  The  pancreas  is  enclosed  in  the  first  loop 
of  the  small  intestine ;  it  is  long,  narrow,  and  more  or  less 
divided. 

The  spleen  is  small ;  the  kidneys  are  large  and  irregular  in 
form.  They  are  lodged  behind  the  peritoneum,  in  liUle  hol- 
lows along  the  upper  wall  of  the.  pelvis,  and,  unlike  the  organ 
in  mammals,  they  have  no  distinct  cortical  substance.  The 
ureters,  as  well  as  the. oviducts,  terminate  near  the  anus,  in  a 
dilated  part  of  the  intestine  called  cloaca  (Fi^.  249) ;  there 
exists  no  urinary  bladder,  and  the  urine  is  voided  with  the 
excrements.  The  urine  is  composed  almost  wholly  of  uric 
acid,  which  is  not  very  soluble,  and  when  dried  forms  a 
whitish  mass. 

§  438.  The  nutrient  products  of  digestion  leave  the  intes- 
tine by  lymphatic  vessels,  which  teiminate  in  two  thoracic 
ducts ;  these  ducts  open  into  the  jugular  veins  on  each  side  of 
the  base  of  the  neck. 

§  439.  The  blood  of  birds  is  richer  in  globules  than  that 
of  mammals,  and  these  corpuscles,  instead  of  being  globular, 
are  elliptic  (Fig.  28).  The  circulation  in  birds  is  complete,  as 
in  mammals,  and  the  anatomical  arrangements  are  the  same 
(Fig.  38).  But  the  walls  of  the  left  ventricle  are  much 
thicker,  the  auricles  have  no  well  marked  appendages,  and  the 
right  ventricle  does  not  extend  to  the  apex  of  the  heart. 
These  latter  differences  are  unimportant  physiologically.  The 
aorta  at  its  commencement  diviaes  into  three  larfi;e  branches 
(Fig.  250),  of  which  the  first  two  convey  the  blood  to  the 
head  and  neck.  Wings,  and  muscles  of  the  chest ;  whilst  the 
third,  curving  downwards  around  the  right  bronchus,  becomes 
the  descendmg  aorta.  There  exist  also  some  other  pecu- 
liarities in  the  mode  of  distribution  of  the  arteries,  such  as 
the  formation  of  plexuses  in  various  parts  of  the  body.  The 
venous  system  terminates  in  the  ri^ht  auricle  by  three  large 
trunks,  of  which  one  represents  the  mferior  cava,  and  the  two 
others  the  subclavian  veins  of  mammals,  which  in  birds  enter 
the  auricle  without  uniting  to  form  a  common  trunk. 

§  440.  The  respiratory  apparatus  presents  modifications 
more  remarkable  than  those  of  the  circulation.  The  lungs 
communicate  with  large  membranous  cells  spread  throughout 
the  body,  and  extending  even  to  the  skeleton.  Thus  the  venous 
blood  in  the  walls  of  many  organs  becomes  exposed  to  the 
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Fig.  250.— Art«rul  Sjatan  of  b  Biid.* 

*  Arteries  of  Iho  Grtbe:  a,  lorts;  nm,  odeof  ittUrga  bnmobM:  ileives 
offthflCBTfttid  f(v)  Hid  BubclBviHD,  is  oltimstelj  distributed  to  the  muBcla  or 
the  ohMt,  and  corrMpondt  U>  the  minunsry  srleriea  gf  m»inmiUs ;  an,  one  of 
tfaebrsnldies  uf  the  vertebral  srterj  inpplyimt  th«  mutclee  of  the  abonlder^ 
ee,  arterinl  Ioopb  formed  bj  tbe  beoKbei  of  the  external  carotid  ^  itl,  linguat 


mction  of  the  oijK«n  contained  in  these  cells,  ai 
traverung  the  piuoionarf  capillaritm. 


Fig.  asi.— Lungiaf  ■  Bird. 

The  lunge  are  not  divided  into  lobes  neither  do  thej  fill 
the  cavity  of  the  thoroi:.  Theyare,  asit  were,  fixed  to  the  ribn, 
and  present  on  their  inferior  surface  several  orifices  (Fie.  251) 
belouKiogto  the  bronchial  tubes,  which  traverse  them  through 
and  through,  and  thus  convey  the  air  into  the  various  air  cells 
spread  throughout  the  body.  These  membrauoua  cavities  com- 
municato  with  each  other. 

The  extension  of  these  cells,-  and  consequently  of  the  six 
they  contain,  bears  a  ratio  to  the  powers  of  flight  of  the  bird ; 
in  Uie  eagle  they  are  found  in  all  the  bonfj  ;  in  the  penguins 
the  wr  is  excluded  from  all,  or  from  nearly  all,  the  bones.  The 
air  is  generally  found  to  extend  most  into  (he  bones  chiefly 
used  for  locomotion,  as  the  femur  of  the  ostrich. 

We  have  already  alluded  to  the  power  which  birds  have  of 
resisting  cold,  due  to  the  development  of  the  respiratory 
function,  and  to  a  higher  temperature  than  is  found  in  other 
animale. 

S  44il.  As  iumammaln,  the  organ  of  voice  is  a  d^ndence 
of  the  respiratory  system.     The  upper  hirjnx  is  of  a   very 
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umple  atmctnre,  and  has  but  IHtle  to  do  with  the  fonnftUon 
of  Bounda,  Ita  orifice  has  jMe  form  of  a  fissure  {g,  Fig.  247) ; 
but  towards  the  lower  extremity  of  the  tra<jiea  is  the  trne 
larjtUE,  roost  remarkable,  as  might  be  eipect«dr  in  sinnng 
birds.  Thia  complex  apparatua  will  be  best  understood  Dj  a 
reference  to  Fi^.  252  and  263.  It  ma;  be  compared  to  a 
kind  of  osseous  drum,  tbointeriorof  which  is  divided  in feriorlj 
by  fttraveraing  beam  of  the  same  nature,  surmounted  by  a  thin 
,  semilunar  membrane  (c.  Pig.  263),  This  drum  commnnicates 
inferiorlv  with  two  apertures  of  the  glottis  (rtntie  glottidU), 
formed  by  the  terminatiou  of  the  bronchi,  and  each  provided 
with  two  lips  or  vocal  cords;  finally,  muscles,  whose  num- 
bers vary  ies,  extend  between  the  different  rings 
of  which  'e  composed,  ^d  move  thero  so  as  to 


Fig.  tBS."  Fig-  SBSt 

stretch  more  oi  less  strongly  the  membranes  they  support. 
In  birds  which  do  not  modulala  the  sounds  in  a  complex 
way,  the  membranous  septum  is  wanting;  in  birds  which 
do  not  sing,  there  are  no  muscles  proper  to  the  inferior  larynx, 

•  Infcrior  l«7ia  of  the 


FBcheH ;  t',  dmiD  formed  by  the  lovi 
LID  i>f  the  IracfaeA;  ^.  first  ring  <-'  "* 
:^i,  aepuHted  from  ths  third  amculum  of  Ihe  IU7111  by  ■  mmibi 
1 1  4,  6ronchi ;  m,  proper  miuclei  of  the  injax  :  theee  muaela 

remoiedonthe  opposi— "■*"■  ~'   •*- — .Al_.,r,l... 1. 

;'ertic^  section  of  the  1 
.gardfl  the  hAlf : 


of  the 


DTioflhetnoh«dlTided 


rim  formed  by  the  inlernBl  Mp  of  the  riiht  glottis !  mi,  inner  ei 
right  bronchua,  formed  bj  s  tjmpinifonn  memhrMie;  b,  m 
cavity  of  the  right  bronobus,  eipoBedbykaectioDofupertof  th 


a,  litUe 
of  the 
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and  the    condition  of  the  glottis  (glottides)  can  only  be 
modified  by  those  which  raise  or  depress  the  trachea. . 

§  442.  Birds  are  oviparous,  and  the  jovlus  require  no 
nourishment  from  a  breast.  The  period  of  incubation  of  the 
young  in  the  egg  varies  with  the  species,  but  is  nearly  the 
same  in  the  individuals  of  a  species.  J^or  the  humming  bird, 
the  smallest  of  the  class,  the  period  is  twelve  days ;  mr  the 
canary,  it  varies  from  fifteen  to  eighteen  days ;  for  the  domes- 
tic fowl,  twenty-one  days;  twenty-five  for  the  duck;  and 
from  forW  to  forty-five  lor  the  swan.  The  heat  of  the  sun 
Slices  mr  the  incubation  of  some  tropical  birds,  but  in 
general  it  is  quite  otherwise,  and  the  eggs  require  to  be 
placed  in  a  nest,  and  carefully  and  sedulously  hatched  by  ikhe 
mother. 


Fig.  254.— The  Eider  (Goose). 

It  is  in  the  construction  of  the  nest  that  birds  display  that 
wonderful  hereditary  instinct  of  which  we  have  already 
spoken  at  considerable  length  ;  a  few  merely  scrape  a  hole  in 
tne  soil,  and  deposit  therein  the  egg  or  eggs  to  be  hatched, 
but  with  the  greater  number  it  is  quite  otherwise,  and  the 
species  may  often  be  known  by  the  form  of  the  nest  (§  328). 
The  warm  and  light  substance,  called  edredon,  used  in 
domestic  economy,  is  the  soft  down  which  the  bird  pulls  from 
its  breast  to  line  tbe  nest. 

The  lay  of  eggs  (ponte)  takes  place  generally  once  a  year, 
sometimes  twice;  but  in  a  domestic  state,  the  fecundity  is 
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still  greater.  In  the  smaller  species,  the  number  of  eggs 
exceeds  that  of  the  larger;  the  eagle  lays  but  one  or  two ;  the 
tomtit  and  the  raven,  from  fifteen  to  twenty. 

The  constancy  with  which  the  parents — sometimes  the  fe- 
male only,  sometimes  also  the  male — hatch  their  eggs ;  the 
care  they  take  of  their  younff  when  they  appear ;  the  courage 
and  intelligence  shown  by  the  parent  bird  in  defending  the 
young,  are  facts  within  the  observation  of  all.  Nevertheless, 
there  are  some  birds,  as  the  cuckoo,  which  deposit  their  egg 
or  eggs  in  the  nests  of  other  birds ;  the  young  cuckoo  gra- 
dually dislodges  his  companions  from  the  nest,  and  occupies 
the  whole.  It  afterwards  rejoins  its  parents,  which  seem  to 
remain  in  the  neighbourhood  for  that  purpose.  Instinct  leads 
the  cuckoo  to  deposit  its  eggs  in  the  nest  of  some  insectivorous 
bird  (that  being  the  food  on  which  its  own  young  requires  to  be 
fed),  such  as  the  nests  of  the  linnet,  yellow-hammer,  black- 
bird, &c. 

Notwithstanding  the  strength  of  the  instinct  which  leads 
birds  to  hatch  their  eggs,  it  seems  certain  that  it  may  be 
modified  by  certain  circumstances.  Ostriches,  for  example, 
sit  carefully  on  their  eggs  in  temperate  climates,  but  leave 
them  in  tropical  regions  to  be  incubated  by  the  sun.  It 
would  seem,  also,  that  several  of  these  large  birds  unite  to 
lay  their  eggs  in  one  nest,  taking  charge  of  them  alternately. 

§  443.  We  have  already  (§  325)  described  at  length  the 
migratory  instinct  of  birds,  which  induces  them  to  migrate 
from  one  region  to  another  at  fixed  seasons.  The  cause  of 
this  is  explicable  in  some  instances,  but  not  in  others ;  for 
certain  species,  it  may  be  affirmed  that  the  causes  of  these 
migrations  are  wholly  unknown.  In  some  experiments  made 
on  the  young  of  migratory  birds,  it  appears  that  the  anxiety 
to  leave  comes  on  when  these  are  detained  in  captivity  and 
plentifully  supplied  with  food. 

Upon  the  whole,  atmospheric  changes  would  seem  most  to 
influence  migratory  birds,  and  that  such  changes  also  modify 
the  time  of  arrival  and  departure.  In  each  species,  however, 
the  period  is  fixed,  and  majr  be  calculated  on.  Occasionally, 
age  modifies  the  time  of  flight  or  departure,  the  old  leaving 
before  the  young.. 

§  444.  It  is  also  a  remarkable  circumstance  in  the  history 
of  birds,  that  they  can  leave  their  nests  for  so  great  distances, 
and  yet  return  without  the  smallest  difficulty  or  chance  of 
mistake.    Swallows,  for  example,  year  after  year  (for  eighteen 

X 


806  zooLosY. 

jeara,  aa  proved  by  Spallanzani)  return',  young  and  old,  suc- 
cessively to  tlio  place  where  they  were  produced,  the  young 
building  their  neete  in  the  vicinity  of  those  of  their  parents. 
SpSUaoiMUii  removed  a  couple  of  swallows  in  a  cage  from  tho 
nest  where  they  were  hatching  from  Pavia  to  Milan ;  on  being 
let  loose  they  returned  in  thirteen  minutes  to  their  young, 

§  446.  The  instinct  of  sociability  has  also  been  alluded 
to  (g  329,  330,  339),  an  instinct,  however,  which  prevails 
mostly  with  insectivorous  or  granivoroos  birds.  Birds  of 
prey  are  geaerally  solitary  or  live  only  in  jiairs. 

§  44i6.  Birds  differ  also  in  the  manner  in  which  they  pro- 
cure their  food:  some  search  for  it  by  day,  others  by  night, 
and  some  by  twilight;  and  of  these  bittCT,  it  is  sufficiently 
remarkable  that  they  are  of  a  sombre  colour,  with  downy 
pinions,  so  that  they  strike  the  air  without  any  noise.     To 


Fig.  25S.— QypaStr,  or  the  LBmb-BlsSing  Vulture. 

this  class  belong  the  owl  and  goat-suckers,  &c. ;  their  habits 
and  structure  are  strictly  in  anison. 

§  447.  The  species  known  to  naturalists  amount  to  seven 
thousand,  and  their  classification  is  difficult  by  reason  of  the 
great  uniformity  of  their  structure.  Their  distinguishing 
characters,  as  being  in  relation  witlf  their  rigime,  have  been 
taken  chiefly  from  the  conformation  of  the  bill  and  legs. 
Cuvier,  whom  we  follow,  divided  them  into  six  orders, — 
namely,  rapacious  birds,  passerines,  climbers,  galUnaceous 
birds,  waders,  and  palmipeds. 

J  448.  The  rapacious  birds  or  birds  of  prey  are  recog- 
by  their  claws,  their  robust,  short,  and  powerful  bills, 
and  the  strength  of  their  legs.     Their  aspect  denotes  their 


re  diurnal,  and  may  he  known  \>y 


fierceness.     Of  these,  a 

their  close  plumaee,  a 

These  are,  the  vultures  (Fig.  239),  the  gypaetes  (Fig.  255), 

the   fiilcona,   the   eagles  (Fig.  231),  the  sparrowhawks,  the 

kites  (Fi^.  236),  the  buzzard»,  &c.     The  others  are  nocturnal, 

and  constitute  the  family  of  tie  owU,  known  by  their  downy 

plumage  and  the  anterior  direction  of  their  eyes. 


.—The  Owl  (Scopi  Vulgaris 


Fig.  a 


§  449.  The  order  passerine  have  their  legs  slender,  feeble, 
and  formed  in  the  usual  way,  neitier  armed  witii  claws  nor 
elonsated  like  stilts,  and  with  a  single  t«e,  directed  back- 
wards. The  bill  is  feeble  (Fig. 
258),  straight,  or  but  little  curved 
(F^^.  259,  260);  their  v 
aufficieutly  large  ;  and  they  a 
small  or  of  moderate  sizi 
slight  and  light  forms. 

Some  live  on  insects,  others  on 
grain,  and  others  are  omnivorous, 
and  to  this  order  belong  all  sing- 
ing birds  and  most  birds  of  passage. 

The  number  of  the  passeres  is 


;,  and  have 


Fig.  2«.-Sitl*[le. 


IS  specmiens  v 


may  mention  the  blackbird,  linnet,   swallow,   goat-suckers 


(Fie  242),  lark  (Fig.  259),  Bparrows,  crow,  tird  o£  paradise, 
(Fur.  257),  the  colibri  or  humming  bird  (Fig.  261),  the  wren, 
(Pig.  266),  kingfisher  (Fig.  244),  and  the  calao  (Fig.  246). 


§  450.  The  climbing  birds  have,  with  the  rigime  and  th« 
ordinary  organization  of  the  paaseres,  two  toes  directed  for- 
wards and  two  backward*;    hence  the  fadlity  with   which 


tliej  climb  in  all  directionB.   In  this  division  are  arranged  the 
toucans— remarkable  for  their  --"— -~~  >■="■    "• 


(Fig. 


ns^remarkable  for  their  enormous  bills,  the  parroquet 
262),  the  cuckoo,  the  woodpecker  (Fig.  228),  &c. 


§  451.  OollinaceotiB  btrds  have  the  bill  moderately  en- 
larged above,  and  adapted  only  for  a  granivorouB  rigime : 
the  wingB  are  short,  the  body  heavy,  the  lega  moderate,  and 
the  toen  feeble,  but  united  generally  at  their  base  by  a  email 
cutaneous  fold.  The  majority  of  these  birds  fly  badi;? ;  they  do 
not  build  their  neets  in  trees,  and  they  seek  lor  their  food  on 


Fig.  Ki.—1b«  pBrroqnet  (Ar») . 

the  soili  This  order  in  composed  of  two  distinct  families ; 
that  of  pigeons  and  that  of  the  gallinaceouB  birdfl,  properly  so 
called,  comprising  the  (x>ck,  the  pheasant,  the  peacock,  the 
tarkey,  the  pintado  or  guinea  fowl,  the  hocco  (ng.  264),  the 
partridge,  tlie  qnail,  the  ptarmigan  (Pig.  263),  the  ^ouse,  Ac. 
§  452.  The  waders  (echassiem)  are  known  by  their  elevated 


tarsi,  and  their  legs  without  feathers  inferiorly,  a  structure 
whii^  gives  them  the  appearance  of  walking  on  stilt-e,  favour- 


Bg,  SeS.— ThB  Ftaimigm  (L«eopMe). 

aUe  at  once  to  rapid  movement  and  to  wading  in  fordable 
waters      Their  height  is  in  general  elevated,  and  the  length 


of  their  neck  is  such  that,  however  elevated  their  legs,  they 
can  collect  their  food  on  the  ground  without  stooping.     Some 
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live  on  herbs,  others  on  aquatic  reptiles,  others  on  small 
ashea.  The  birds,  called  oiteaax  de  rivage,  freqaeatiue  the 
bauks  of  lakes  and  rivers  belpng  to  thia  division, — such  as 
the  heron,  the  crane  {Fig,  265),  the  stork  (Pig.  240);  the 
bntor  (Fie.  266),  the  woodcock,  the  ibU  (Pig.  229),  the 
^chasse  (Fig.  233),  the  water  hen,  the  flamingo  (Pig.  267), 
and  Boroe  other  genera  which  live  not  near  the  waters,  but 
resemble  the  preceding  in  their  conformation, — duch  as  the 
ostrich  (Fig.  232),  the  caasowary  (Pig.  221),  and  the  bustard. 


Pig.  ass.— The  OnuM,  Pig.  388.— The  Bntor  of  Europe. 

§  453.  FinaMv,  the  palmipeds  or  swimming  birds  are 
characterized  by  their  legs,  of  moderate  length,  terminated  by 
large  webbed  feet.  These  serving  the  purpose  of  oars,  are 
formed  by  the  toes  being  reunited  to  each  other  by  an  inter- 
digital  membrane  of  the  common  integument;  the  legs  are 
placed  far  back,  which  is  favourable  for  swimming,  bat  ill 
adapted  for  walking :  as  examples  of  this  ^up  we  may  men- 
tion the  manchot  (Fig.  230),  the  penguin,  which  have  the 
wings  so  short  that  they  cannot  fly;  the  petrel, the  alhatros,  the 
mouettes,  and  the  sea  swallow  (Fig.  268),  which  hare,  on  the 
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well  organized  for  flight  as  the  preceding,  and  the  first  still 
more  completely  webbed;  finally,  the  swan,  the  goose,  and 
the  duck  (Fig.  234),  whose  bill  is  covered  with  a  soft  skin 
instead  of  a  homy  envelope. 


CLASS  OF  REPTILES. 

§  454.  The  class  Reptiles  comprises  all  vertebrate  animals 
whose  respiration  is  from  birth  aerienne  and  incomplete. 
They  have  Imigs,  like  mammals  and  birds ;  but  their  circula- 
tory apparatus  is  always  so  aiTanged  that  a  portion  of  the  dark 
blood  mingles  with  the  arterial,  without  having  traversed  the* 
respiratory  organs ;  and  generally  this  admixture  takes  place  in 
the  heart,  which  has  in  that  case  but  a  single  ventricle  commu- 
nicating with  two  auricles  (§  108).   Finally,  the  skin  of  reptiles 


Fig.  269.— Lezard  Vert  Piquet^.* 

is  generally  or  almost  always  covered  with  scales.  In  their 
general  form  they  resemble  mammals  more  than  birds ;  but 
in  this  respect  they  vary.  The  tortoise  (Fig  270),  Uzard 
(Fig.  269),  and  serpent  (Fig.  271)  have  very  different  forms. 
Their  limbs,  when  present,  are  so  short,  that  they  seem  rather 
to  creep  than  walk,  and  their  steps  are  not  directed  in  the 
axis  of  the  body,  but  laterally:  hence  the  word  reptile. 

§  455.  Their  skeleton  presents  in  its  structure  variations 
much  greater  than  what  occurs  in  hot-blooded*  vertebrate 
animals.  All  its  component  parts  may  in  their  turn  be  want- 
ing, excepting  the  head  and  vertebral  column ;  but  the  bones 
composing  it  preserve  great  analogies  and  homologies  with 
the  hot-blooded  vertebrata,  and  exhibit  analogies  with  the 
other  classes. 

*  The  green  lizard :  lacerta  Yiridis. 
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§  466.  Tbe  craniora  U  always  small,  and  the  tace  elou- 
nted.  Ab  in  birds,  the  lower  jaw  is  composed  of  several 
distiniit  pieces,  and  is  articulated  as  in  them  with  the  oa 
guadraivm.  or  tympanic  bone.  Even  this  bone  Ib  sometimes 
snspended  to  a  moveable  lever,  as  in  serpents,  by  which  the 
dilatability  of  the  mouth  is  greatly  increased.  The  upper 
jaw  is  in  general  inmiovable,  but  is  Hi  articulated  in  serpents 
as  to  periorm  some  movements.  In  several,  as  in  lizards  and 
t«rtoiiieB,  the  bones  of  the  cranium  ore  extended  over  the  tem- 
poral spaces  like  a  buckler,  thus  causing  the  head  t«  appear 
large.  Finally,  the  head  is  generally  not  veir  moveable,  and 
is  articulated  with  the  column  by  a  single  condyle  with 
several  facettea. 


§  457.  In  lizards  and  crocodiles,  and  other  reptiles  formed 
afl«r  the  same  way,  there  are  in  general  but  few  anomalies ; 
the  ribs  are  more  numerous  than  in  birds  and  mammals,  and 


ribs  seem  to  be  used  as  organs  of  locomotion.     In  the  c 

■  TeatDdo  Oreo* :  tbe  Common  Tortoise. 
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leuvre  (adder  or  snake)  there  are  more  than  three  hundred 
pairs  of  ribs.  The  vertebrae  also,  by  their  mode  of  articula- 
tion with  each  other  (a  kind  of  ball-and-socket),  permit  of  ex- 
tensive movements.  But  the  most  remarkable 
modification  of  the  skeleton  is  in  the  tortoise 
and  turtle ;  the  bones  form  a  buckler,  within 
which  the  animal  may  withdraw  itself  on  the 
approach  of  danger.  The  dorsal  osseous  plate 
is  called  the  carapace;  the  ventral,  plastron 
(Fig.  273).  United  at  the  sides,  they  leave 
in  front  and  behind  openings  for  the  head 
and  limbs.  This  kind  of  cuirass  is  only 
covered  by  the  skin,  which  in  its  turn  is 
protected  by  large  homy  plates:  all  the 
muscles  ana  other  sofb  parts  are  contained 
within  the  cavity  thus  formed. 

§  458.  Notwithstanding  the  profound 
modifications  which  the  skeleton  undergoes 
to  meet  such  an  organization,  we  find  the  same 
elements  or  pieces  which  constitute  the  ske- 
leton in  the  other  vertebrata  merely  changed 
in  form  and  volume. 

When  we  examine  the  carapace  superiorly, 
we  find  it  composed  of  a  great  number  of 
osseous  plates,  united  by  sutures,  of  which 
eight  occupy  the  median  line ;  sixteen  others 
form  on  each  side  a  longitudinal  row ;  and 
twenty-five  or  twenty-six  surround  the  whole. 
We  have  only  to  look  at  the  inner  side  of 
the  carapace  (Fig.  274)  to  see  that  these 
median  pieces  are  simply  dependencies  of  the 
dorsal  vertebrae  {vd).  The  body  of  each  of 
these  bones  and  the  canal  for  the  spinal  mar- 
row may  be  seen,  with  their  ordinary  shape, 
but  the  upper  portion  of  the  osseous  ring 
has  been  spread  out  like  a  disc,  uniting  with 
the  same  parts  belonging  to  the  preceding 
and  following  vertebrae.  The  dorsal  vertebrae 
become  thus  immovable :  each  carries  a  pair 
of  ribs  as  in  man,  but  these  (c)  spread  out  so  as  to  touch  each 
other  throughout  aUnost  their  whole  length,  and  to  articulate 
with  each  other  by  means  of  sutures ;  mially,  the  marginal 
pieces    (cs)    which   articulate  with    the  extremity  of  the 


Kg.  272.— 
Chadde. 
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ribs,  and  which  foim  in  some  measure   the  border  of  the 
GArapace,  evidently   represent  the   at^mal  portiaii  of   these 
ribs,  which  in  mammaha  remain  eartilaginoua,  but  whith  in 
birds   are   complctelj    ossified.      Id 
name     tortoiftes    they  remain  carti- 
la^ous,  and    in  almost  all  these 
animate  Keveral  of  them  are  supported 
lat^rallyOD  the  edges  of  the  pt^tron. 
The  plastron  is  formed  by  the  ster- 
num, which  presents  an  eitraordinary 
development,  and   extends  from   the 
base  of  the  neck  to  the  commence- 
ment of  the  tail.     The  bones  com- 
posing it  are   nine  in   number,   ar- 
ranged in   pairs,  and  so   articulated 
with  each  other  aa  to  form  a  great 
oval  plate.      The   plastron  is  sgme- 
times  entire  and  solid  tbmu^hout  its 
Fig.  K3.-Torti.e  Srecqne     ^^^"^^  e^**."*'  Bometimes  divided  into 
(u  HeD  ttwn  below).'         three  portions,  of  which  the  ulterior 

and  piraterior  are  a  little  moveable ; 
at  other  timeti  it  is  hollowed  out  in  the  r^ntre  like  a  picture- 
frame.  FinAll3',  it  is  fixed  on  each  side  to  the  carapace  by 
bone  or  by  cartilage.  All  the  muscles  and  soil  parts,  us  well 
as  the  oi^ans,  ^e  contained  within  these  two  plates. 

The  bones  of  the  shoulder  (o,  cl,  co)  articiilate  with  the 
vertebral  column  on  the  one  hand  and  the  sternal  on  tlie  other. 
One  of  these  bones  (o)  suspending  it  to  the  vertebral  column  is 
evidently  the  scapula ;  a  second,  directed  backwards  (co),  cor- 
responds to  the  coracoid  bone  of  birds ;  and  the  third  (c2) 
represents  the  clavicle,  or  at  least  the  acromial  process  of 
the  scapula,  with  which  it  generally  articulates. 

The  pelvis  (b)  greatly  resembles  the  osseous  girdle  formed 
by  the  Wes  of  the  shoulder ;  it  is  also  composed  of  three  dSs- 
tiuct  pairs  of  bones:  the  iliac  bone,  attached  to  the  transverse 
processes  of  the  posterior  vertebrs  of  the  carapace,  a  pubis, 
and  ischium  directed  towards  the  plastron,  and  united  to  the 
corresponding  bones  of  the  other  side. 

§  469.  In  other  reptiles,  the  bones  of  the  shoulder  more 
resemble  those  of  birds.  The  limbs  generally  have  nothing 
remarkable  j  sometimes  the;  are  truncated  at  the  extremity. 


as  in  the  land  tortoise;  sometimeH  they  t«nniiiat«  in 
slender  fingere,  as  in  the  liiard ;  and  at  other  times  the  es- 
treroity  of  the  fingers  and  toes  are  broadened  out,  as  in  the 
gecko  (Pig.  375);  and  being  proviJed  with  short  cutaneous 


P  f 

Fig.  274.— Skeleton  of  Ihe  TortoiBe.- 

folds  perfoiining  the  office  of  suckers,  they  enable  this  hideous 
anim^  to  creep  along  the  smoothest  walls,  and  even  along  the 
ceiling. 

•  Skeleton  of  the  ToTtoige;  theplutron  hia  been  ri 


pel^l/.tl 


a  reptiles  which  have  the  fingers  capable  of 
a  eiwh  other  as  in  the  hand  of  man ;  in  the 


There  ai 

being  oppoiied  to  e 
cameleoD  (Fig.  27S)  they  are  arranged  into  two  packeta,  i 
abling  them  to  hold  on  to  the  branch ;  they  have  also  a  pre- 
hensUe  tail,  and  thas  they  are  in  fact  climbing  animals. 


Fmally,  in  other  reptiles  more  formed  for  an  aquatic  life, 
the  feet  and  handH  are  formed  like  oats :  the  turtle  (Fig.  277) 
ia  the  only  reptile  which  at  present  offers  uh  this  kmd  of 


structure;  but  in  remote  epochs  of  the  geological  history  of 
the  globe,  our  seas  were  peopled  with  large  animals  with 
swimming  paws  resembling  oars,  and  having  many  points  of 
resemblance  with  the  reptiUs  and  serpents  of  the  presentday. 


Modem  anatomists  have  called  Ui^m  ichthyosBiiri  (Fig.  STS/ 
and  plesioeauri  (Fig.  279) ;  and  their  Ibssil  skeletons  have 
been  fonnd  entire. 

Winged  reptiles  also  exist.     The  dragons  (Pig.  280),  ani- 
mals resembling  lizards,  have  a  large  foldof  skin  placed  along 


only  by  the  first 
straight  line.    It  uses  t 
from  brancli  to  branch 


— I'he  TaMl«  (Teatudo  CuelU). 

-         .        8"PP°.' 

false  ribs  extended  horizontally  i: 

merely  as  a  parachute  in  dropping 

inhabits  India  :  thus  realizing  to 


Fie  ^'S  — Ichtfajos&nrui 

a  certain  point  the  flying  lizards  or  serpents  of  which  some 
writers  have  spoken.  But  the  dragons  of  naturalists  attack 
only  insects. 

During  the  epochs  of  the  great  saurians  on  the  earth,  there 
existed  a  flying  rep61e  still  more  singalai'  than  the  dragon. 
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It  has  been  called  the  pterodactyle ;  it  was  a  saurian,  made 
eoiaewhat  like  a  bat ;  it  could  walk  or  11;,  but  the  second 
finger  of  the  hand  was  thrice  as  long  as  the  trunk,  and 
no  doubt  supported  folds  of  integuments  reaembling  wings 
(Fig.  281). 

§  460.  Reptiles  are  less  quick  iu  their  movements  than 


birds  or  mammala,  nor  can  they  sust^n  their  movemeuts  so 
well,  probably  owing  to  a  less  energetic  respiration.  The 
muscles  receive  less  blood,  and  are  paUr;  but  they  may  beeX' 
cited  long  after  death  by  a  variety  of  stimulants.  The  tail  of 
a  li^Ard  detached  from  the  body,  has  been  seen  to  move  for 
several  hours ;  and  the  turtle,  dead  in  appearance  for  several 


days,  may  still  be  made  to  move  itK  limbs.  The  mutual  de- 
pendence between  the  nervous  and  muscular  systems  seems 
not  to  be  so  intimate  as  in  mammals. 

§  461.  The  brain  is  small,  smooth,  and  without  circum- 
volutions (Fijt.  282).  The  hemispheres  are  hollow,  and  there 
is  no  striated  body.  Olfactory  globules  of  considerable  size  are 


cues  or  ebptilbs. 


situated  at  the  oi 

lobes  sre  in  eeneru  large,  situated  behind,  ^id  o 

plane  astliehemisphereB;  but  the  little  brain  ia  small,  and  it 

sends  do  prolongations  across  the  medulla,  so  as  to  tbrm  a 


sort  of  ring,  as  in  mammals.  The  spinal  niaiTow,  compared 
to  the  brain,  is  large;  so  aJso  the  nerves,  as  compared  to  the 
eerebro- spinal  axis,  are  larger  than  in  the  superior  classes  of 
animals. 

§  4«2.  The  tactile  sensibility  is  but  little  de- 
veloped, the  skin  beiug  generally  protected  by 
horny  scales  :  what  we  caUtortoiseshell  is  merely 
the  homj'  plates  covering  the  carapace  of  the  turtle 
{Pig.  277) ,  the  testudo  caretta.  The  epidermis  is 
frequently  renewed,  falling  sometimes  in  portions  or 
plates,  and  sometimes  cast  off  entire,  as  in  serpents. 
Serpents  throw  off  the  epidermic  Mvering  several  Fig  asa, 
times  a  year. 

There  is  but  little  remarkable  in  the  eyes  of  reptiles,  but 
upon  the  whole  they  resemble  the  eyes  of  birds ;  a  pecteit 
is    bat   rarely  found.      Some  have  three  eyelids,   in   others 
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they  are  wholly  wanting,  as  in  the  serpent ;  to  this  may  be 
ascribed  its  fixed  look. 

The  auditory  apparatus  is  much  less  complete  than  in 
mammals,  or  even  in  birds.  The  external  ear  is  almost  always 
completely  wanting;  there  is  no  auditory  canal,  and  the 
drum  of  the  ear  is  on  a  level  with  the  outer  surface  of  the 

head;  the  tympanic  cavity  is  im- 
perfectly formed,  and  seems  to  be  a 
sort  of  dependence  of  the  pharynx. 
The  bones  of  the  ear  most  frequently 
Fie  283       ^*^     ^^  wanting,  and  the  cochlea  is  often 

rudimentary ;  the  organs  of  smell  are 
but  little  developed;  the  tongue  is  sometimes  thick  and 
fleshy,  but  generally  thin,  dry,  and  protractile ;  in  serpents 
(Fig.  283)  and  Hzaras  it  is  bifid :  in  the  chameleon  the  tongue 
becomes  an  instrument  of  prehension,  for  it  can  be  daited  from 
the  mouth  to  the  distance  of  several  inches,  and  thus  flies 
and  other  small  insects  are  caught  by  means  of  a  viscous  ball 
which  terminates  it. 

§  463.  Few  reptiles  live  entirely  on  vegetable  food ;  they 
are  almost  all  carnivorous,  and  pursue  a  living  prey,  which 
they  swallow  entire.  The  moutn  is  almost  always  large  in 
the  cleft,  and  is  so  dilatable  in  serpents  as  to  enable  them  to 
swallow  animals  having  a  larger  diameter  than  themselves. 
The  two  branches  of  the  lower  jaw  {mi,  Fig.  284)  are  united 
only  by  ligament,  and  the  tympanic  bone  (t),  and  the  mas- 
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Fig.  284. — Head  of  the  Grotalns,  or  American 
Rattlesnake. 

toidian  bone  {ma),  by  means  of  which  the  lower  jaw  is 
articulated  to  the  cranium,  are  both  moveable,  and  thus  the 
jaws  admit  of  very  great  dilatation ;  moreover,  the  branches 


of  the  nmwr  jaw  (m)  are  attached  to  the  intermasillary  bones 
alxo  by  ligaments,  and  even  the  palatine  arches  partake  of 
tbe  movement  Their  teeth  ore  intended  onlj  to  seize  their 
prej,  and  alter  swallowing  it  thej  remain  long  in  a  state  of 
torpidity. 

§  464.  Many  aerpenti,  such  as  the  viper,  the  cobra,  the 
rattlesnake,  and  the  trigonocephalua  or  brown  viper  of  Ctro- 
liita,  possess  a  dangerous  venomoos  apparatus  of  an  alannin; 
character.  Certain  glands,  analogous  to  the  salivary,  xeorete 
this  poison  {Fig.  285) ;  they  are  placed  under  the  temporal 
maucles.noaa  to  be  compressed  by  them  when  in  action.  They 
communicate  by  a  canal  with  a  fang  or  poisoned  tooth  on  either 
side ;  this  is  either  grooved  or  perforated  by  a  canal,  the  exit 
of  which  is  not  at  the  point,  but  a  little  higher  up,  so  as  not 
to  interfere  with  the  action  of  the  point  of  the  tooUi.     When 


Fig.  sse.* 

the  animal  bites,  tbe  venom  is  by  this  means  transfused  into 
the  bottom  of  the  wound.  These  teeth  are  filed,  but  the 
bones  to  which  they  are  attached  are  moveable ;  when  not  in 
use  they  lie  horiiontallj,  with  the  palate,  encased  in  a  sort  of 
sheath  of  mucous  membrane.  The  poison  itself  is  neither  acrid 
norhurningto  the  taste,  and  it  is  narmless  when  swallowed; 
its  terrible  effects  are  felt  only  when  mingled  with  the  blood 
in  a  wound,  and  they  vary  with  the  condition  of  the  animal. 
(hi  some  animals  tbe  poison  of  the  viper  has  no  effect,  as  on 
leeches,  slugs,  the  common  snake,  and  the  civet;  whilst  it 
kills  with  the  greatest  rapidity  all  hot-blooded  animals,  the 

•  Poison  spoantus  in  the  KaHlcansko  :  -t>,  poiBon  gland,  with  its  duct 
ludidg  to  the  Wm  poison  fmg  |p)  ;  n,  ^levator  reuKlej  of  tha  j»w  which 
partly  co>er  the  gland,  md  may  comiireas  tt ;  i,  aahiiry  glands  on  the  *dge 
ofth«jawa;  n,  tha  nostril,  under  wbitrh  is  the  little  aavity  distinguishing 
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lizard,  and  the  viper  itself.  A  grain  of  the  poison  of  the  viper 
will  HU  a  sparrow,  but  it  will  require  six  times  as  much  to 
kill  a  pigeon.  As  the  poison  acts  through  the  circulation, 
the  most  rapid  means  must  be  adopted  to  prevent  absorption, 
such  as  washing  with  water  and  strong  spirits,  a  ligature 
round  the  part  bitten,  and,  if  possible,  its  excision.  Ammonia 
has  been  much  celebrated  as  an  antidote,  but  it  cannot  be  de- 
pended on.  The  Indians  of  South  America  consider  as  a 
powerful  antidote  a  plant  called  guaco,  or  micania  guacx); 
they  assert  not  only  that  the  application  of  the  leaves  of  this 
plant  to  the  wound  prevents  all  dangerous  effects,  but  that 
the  inoculation  of  the  juice  of  the  plant  will  prevent  such 
bites  having  any  bad  effects.  Humboldt  thinks  that  there 
may  be  something  in  the  odour  of  the  plant  which  may  pre- 
vent the  serpent  from  biting  the  person.  The  serpents  with 
fan^s  called  moveable  are  the  most  dangerous;  the  fangs  are  not 
in  &ct  moveable,  but  attached  to  very  small  maxillary  bones, 
which  are  so.  In  general  you  £nd  one  fang  fixed  in  either 
side,  with  several  others  of  different  stages  of  growth,  ready 
to  replace  them  when  lost,  which  probably  happens  at  regular 
periods.  The  poisoned  fangs  are  shed  by  a  process  analog;ous 
to  what  takes  .place  in  the  teeth  of  nshes.  In  the  viper, 
rattlesnake,  cobra,  and  several  others,  the  upper  maxillary 
bones  carry  poison  fangs  only ;  and  thus  between  them  and  the 
common  snake  there  is  this  marked  difference;  that  the  maxil- 
lary and  palatine  bones  in  the  upper  jaw  carry  each  a  row  of 
teeth,  giving  an  appearance  of  four  rows  to  them,  whilst  in 
the  true  poisoned  serpents  just  mentioned  we  find  only  two 
rows,  the  palatine  only ;  but  in  the  venomous  water  snakes, 
and  in  many  others,  the  superior  maxillary  bones  carry 
simple  teeth  as  well  as  the  poisonous  fangs.  Some  reptiles 
have  no  teeth,  such  as  the  tortoise  and  turtle,  a  homy  layer 
like  the  bills  of  birds  supplying  their  place. 

§  466.  There  is  never  any  pendulous  palate,  and  in  most 
the  pharynx  is  not  distinct  from  the  mouth,  nor  the  gullet 
from  the  stomach.  The  intestines  are  short,  and  have  no 
caecum;  the  large  intestine  differs  but  little  from  the  small, 
and  terminates  in  a  cloaca,  as  in  birds ;  they  have  lymphatic 
and  lacteal  vessels.  ^ 

§  466.  We  have  already  remarked  that  their  blood  is  not 
rich  in  globules,  and  that  these  are  large  and  elliptic.  The 
disposition  of  the  circulating  apparatus  varies  (§  108),  but, 
as  we  have  said,   there  is   always  a  direct  communication 
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between  the  vascular  system  cariying  red  blood  and  that 
carrying  dark  blood,  and  thus  the  organs  receive  a  fluid  im- 
perfectly acted  on  by  respiration.  The  heart  is  almost  always 
composed  of  two  auricles  (Fig.  286),  opening  into  a  single 
ventricle.  The  arterial  blood  coming  from  the  lungs,  re- 
ceived into  the  left  auricle,  and  the  venous  blood  coming  from 
different  parts  of  the  body  and  collected  in  the  riffht  auricle, 
are  both  poured  into  the  single  ventricle ;  in  this  they  are 
mingled  together.  A  portion  of  this  mixture  returns  by 
the  aorta  into  the  different  organs  it  is  intended  to  nourish, 
whilst  another  part  proceeds  to  the  lungs  by  vessels  which 
spring  immediately  ftom  the  common  ventricle  or  from  the 
aorta  itself.  In  crocodiles,  the  heart  (Fig.  287)  more  resem- 
bles that  of  birds  and  mammals,  having  a  septum  separating 


Pulmonary-  Artery.  *ti^iL — l 

Pulmonary  Vein. ' 
Bight  Auricle.  - 


Vena  Cava. 
Left  Aroh  of  the  Aorta.  — 


»•  Pulmonary  Artery. 
"♦•Pulmonary  Vein. 

Left  Auricle. 
Single  Ventricle. 


Bight  Aorta. 

H         ■  Ventral  Aorta. 

Fig.  286.— Heart  of  the  Turtle. 

the  right  ventricle  from  the  left;  but  a  peculiar  disposition  of 
the  arteries  causes  the  mixture  of  the  dark  and  red  Hood  to 
take  place  at  some  distance  from  the  heart,  and  thus  the  pos- 
terior half  of  the  body  receives  blood  imperfectly  arterialized. 
In  iact,  the  right  ventricle,  instead  of  sending  off  one  artery, 
the  pulmonary,  sends  off  two,  one  of  which  winding  behind  the 
heart,  unites  with  the  descending  aorta,  but  not  until  all  the 
vessels  have  been  given  off  which  go  to  the  head  and  fore- 
part of  the  body.  With  regard  to  the  distribution  of  the 
arteries  in  reptiles,  we  shall  limit  ourselves  to  the  remark, 
that  there  exist  two  or  more  aortic  arches,  bending  to 
the  right  and  left,  and  reuniting  to  form  a  single  trunk 
(Fig.  42). 

§  467'  Respiration  is  not  active  in  reptiles,  they  consume 


but  little  oxygen,  and  can  remain  alive  foralong  time  without 
air ;  but  this  activity  differs  accordiae  to  the  temperature  of 
the  season.  The  luDgs  are  coniposea  of  large  cells,  and  in 
consequence  are  not  very  vascular.  The  tortoise  and  turtle 
Bwallow  the  air,  as  it  were,  the 
00   e  c    a  ribs    being   immovable ;    there  is 

I  ■        :     .  no  natural  division   between   the 

■  chest  and  the  abdomen,  and  reapi- 

Of)  ration  is  not  regular;  in  serpents 

'''     one  lung  is  rudimentary  (Fig.  288). 
f  tp  §468.    All   reptiles  are   cold- 

blooded animals,  and  the  tenj- 
„  perature  of  their  bodies  rises  and 

Of     falls  with  that  of  the  surrounding 
medium.  A  heat  of  from  40°  to  50^ 
•  ••      (Centigrade  scale)  is  quickly  fatal 

to  most  of  them,  and  the  eflects  of 
cold  are  well  known,  for  during 
Fig.  isi.'  winter  most  reptiles  eat  no  food,  and 

do  not  even  digest  what  happens 
to  be  in  their  stomachs ;  the  respiration  becomes  slower,  and 
their  whole  state  resembles  hybernation. 

§  469.  Like  birds,  they  lay  eggs,  and  their  young  do  not 
suckle ;  they  have  no  mamms ;  but  there  is  this  peculiarity, 
which  aUo  happens  in  flome  fishes,  that  in  some  the  young  are 
hatched  before  being  bom,  as  in  the  viper ;  and  such  animals 
are  called  oocmiviparout. 

The  young  reptile,  on  quitting  the  ^g  presents  nothing 
anonnal ;  it  resembles  its  parent  in  its  mode  of  respiration, 
general  structure  of  the  body,  and  external  form. 

§  470.  Reptiles  generally  abandon  their  ^^  when  laid, 
and  the  young  are  developed  by  the  heat  of  the  external 
atmosphere;  but  there  is  one  remarkable  exception  in  the 

nt  Indian  serpent,  called  python,  which  hatches  its  eggs, 
ag  which  period  its  own  tempeiatute  will  rise  to  40°. 


u-t  bud  liv^  veuela  at  the  Crofiodile  :—Vt  v,  Tfiioi  which  bring  bftok 
rom  diflbrent  urU  of  Iha  body  U>  the  right  sgriole  {od) ;  vt,  the 
^clw,  intoFDAUy  flepu-mtfld  hy  a  p^nitiDn ;  ap.  the  tnQ  puljnoDfVJ 
. prooooding tVoni  the  right lenliicle  to  their -    ' 

■     irteriid  hlood  r        


KB  ourfing  the  ftrterinl  hlood  fVom  the  lunga  to  the  letl  friincle  (oo),  from 
wnenae  it  puees  into  the  left  Tentriflle,  ud  thus  cntera  the  lorla  (od)  and 
into  the  (wd  arteriea  {ce)  which  ^roosed  to  the  heitd,  ie.  [The  letters  an 
in  the  sbovs  flgqre  have  beeri  uudTertHitlf  pltued  orx  the  ri^ht  auricle 


in  the  Hbove  Sgqre  have  been  inadTertHitl] 
»  woU  u  on  the  deaoending  aorU.— B.  K-] 
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Fig.SeS,— AnBton];  of  Uw  Coluber  (CammoD  an^e|. 


li*er^  0,  theoTHFium;  o'.Hk  ovb  otbggs:  t,  viadpipe;  v.  prinoipiU 
fi'.Uttleluiii;  M.ventriDle;  c,lert>un51e;  !>,  rigEc Baricle i  a, left 


ipiJ  lung; 


Reptiles  ure  divided  into  three  ordem :  chelonian,  sanriau, 

and  ophidian. 

The  chelonian  (tortoise  and  tartle)  have  four  limbs;  the 
skin  eovered  nith  large  scales ;  the  mouth  without  t«eth ; 


Pig.  iSfl.— The  AguM. 

the  jawB  provided  with  a  honlj  bill  or  covering ;  the  ribs 
immovable,  and  in  them  we  fiiid  the  homy  doreal  and  ven- 
tral plates  called  carapace  anA  platlrim,  already  described. 
The  Banrian  or  liza^-dhape  dieptiles,  and  the  ophidians  or 


Fig.  MO,— CrotUna,  or  Bsttlsanake. 

serpents,  have  the  ribs  and  dorsal  vertebrie  moveable ;  a  scalv 
skin ;  and  teeth.  The  two  orders  run  into  each  other,  but 
it  is  generally  agreed  on  to  call  those  with  limbs,  Heurian,  and 
those  without,  ophidian ;  as  ophidian  roaf  be  (dted  the  viper, 
rattlesnake  (Pig.  290),  cobra  (Fig.  271),  r- —'■ 


GLASS  OF  E^TBACHIANS.  329 

as  .harmless  shakes^  the  common  snake  or  coluber  (c&uleuvre), 
the  boa,*  and  python.    The  order  saurians  comprises  croco- 


Fig.  291.— The  Crocodile. 


dUes    (Fig,   291),    lizards,    chameleons  (Fig.  276),  geckos 
(Pig.  275),  agames  (Fig.  289),  the  iguana,  &c. 
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§  471.  The  batrachia  or  amphibia  were  long  confounded 
with  the  reptilia ;  when  young  they  breathe  by  branchiae  or 
gills,  and  resemble  fishes  in  the  general  conformation  of  the 
body ;  but  they  change  their  forms  and  acquire  lungs  before 
becoming  adult. 

Like  fishes  and  reptiles,  they  are  cold-blooded  animals, 
their  circulation  is  incomplete,  and  their  respiration  com- 
paratively inactive.  The  skin  is  naked  or  unarmed,  the 
skeleton  very  incomplete,  and  the  heart  is  composed  of  a 
single  ventricle  and  two  auricles. 

In  their  external  form  they  vary  considerably,  some  resem- 
bling lizards,  and  even  serpents,  but  generauy  the  body  is 
flat,  short,  and  thick,  without  a  tail,  with  well-developed 
limbs. 

§  472.  In  their  mode  of  development  they  resemble 
fishes ;  whilst  in  the  egg,  the  young  ammal  is  not  surrounded 
by  the  membrane  called  amnios,  and  which  is  always  present 
in  the  three  preceding  classes ;  neither  have  they  an  allantois, 
which  plays  an  important  part  in  the  economy  of  the  chick 
and  of  the  young  of  reptiles  during  incubation ;  at  birth  they 
strongly  resemble  fishes. 

The  young  batrachia  are  known  by  the  name  of  tadpoles 

*  Trayellers  are  cautioned  not  to  be  misled  by  the  names  given  to  serpents 
by  naturalists.  The  boa  faseiata  of  Schneider  is  a  most  venomous  and 
dangerous  snake. — B.  K. 


(fetonb),  and  are  formed  fur  an  aquatic  lifei  at  birth  they  have 
a  tail,  but  no  feet;  gills  projecting extemall;  {bb,  Fig.  293), 
and  their  skeleton  is  cartil(4;inoue. 


Fig.  £8i.-CrsFBud  (Uie  Tosd). 

TlieHe  projecting  gilUor  branchis  ia  some  continue  through- 
out lile,  as   in  the  proteua,  aiolotl  (Fig.  294),  and  siren. 


Fig.aflS.— TadpolooftheFroK, 

the  hjoid  bonee,  and 


Fig.  SM.— Aioloa 

But  in  most  batrachia  these  branchite 
Boon  wither  awaj  and  disappear,  al- 
though the  aquatic  life  onUDUes,  for 
the  tadpole  has  internal  hranchia>,  like 
li>ihes,  as  well  as  external  (Fig.  295); 
these  fixed  or  internal  brancbiffi  in  the 
tadpole  are  attached  under  the  neck 
to  cartila^nous  arches  belonging  to 
are  protected  by  the  skin ;  the  water 
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reaches  them  by  the  cavity  of  the  mouth,  and  escapes  by  one 
or  two  orifices  situated  under  the  neck.  In  the  tadpole  of  the 
frog,  the  hind  feet  appear  first,  and  they  become  of  some 
length  before  the  fore  feet  are  visible ;  these  appear  later 
(Fig.  297).  In  the  salamanders  it  is  the  opposite ;  finally, 
in  the  siren  the  hind  legs  never  appear.  The  tail  of  the 
tadpole  continues  to  grow  in  the  salamander  and  proteus 
with  the  rest  of  the  Ix^y ;  but  in  frogs  and  in  many  others 
the  tail  wastes  away  and  disappears  (Figs.  298,  299).  About 
the  same  time  the  lungs  appear,  and  begin  to  perform  their 
functions,  so  that  at  this  period  the  tadpole  is  strictly  an 
amphibious  animal;  but  although  this  strictly  amphibious 
state  continues  in  some,  in  general  it  does  not;  the  gills 
disappear,  and  in  the  adult  there  remain  no  traces  of  such  an 
apparatus. 


Fig.  285. 


Fig.  296. 


Fig.  297.  Fig.  298.  Fig.  299. 

Figs.  295 — ^299.— Metamorphoses  of  the  Tadpole  of  the  Frog. 

The  circulatory  apparatus  also  undergoes  important  metamor- 
phoses. The  heart  of  the  adult  batrachian  is  composed  of  two 
auricles  and  a  ventricle,  whence  springs  a  large  artery,  bul- 
bous (like  that  of  fishes)  at  its  commencement,  and  which 
soon  divides  to  form  the  two  arches  of  th^  aorta ;  but  when 
the  young  animal  breathes  by  branchiae  only,  the  blood  ex- 
pelled from  the  ventricle  is  distributed  to  the  gills  (as  in 
fishes),  whence  it  proceeds,  for  the  greater  part,  to  the  dorsal 
artery,  whose  branches  ramify  in  the  different  organs  (Fig. 
300).  We  have  already  seen,  that  in  fishes  the  blood  follows 
the  same  course  (§  109),  but  when  the  lun&^  are  developed, 
the  disposition  of  the  vascular  apparatus  changes ;  a  direct 


commuDiciition  is  established  between  the  arteries  which 
curry  the  blood  to  the  gilU,  and  those  which  receire  it  from 
those  organs,  bo  that  the  blood  is  no  longer  obliged  to 
traverse  the  gills  in  order  to  reach  the  dorsal  artery,  and 
thence  to  be  ilistributed  to  the  Tarious  parts  of  the  body. 
The  artery  (a)  which  springs  from  the  ventricle,  and  which 
may  at  this  time  be  called  a  branchial  artery,  becomes  then 
the  origin  of  the  dorsal  veasel,  and  constitutes  with  it  a  troe 


Fig.SOD.—BloodrHHls  of  llie  Tadpole  of  the  Fiog.' 

aorta,  certain  branches  of  which  proceeding  to  the  lun^,  thus 
develop  and  establish  a  pulmonary  circulation.  Finally,  the 
branchial  vessels  are  obliterated,  and  then  tbe  circulation  takes 

C  nearly  as  in  other  reptiles. .  The  venous  blood  returning 
all  pMta  of  the  body,  is  poured  into  tbe  ventricle  by  one 
of  the  auricles,  and  is  therein  mingled  with  the  arterial  blood 


np^  hict  the  bl.Sdt™n  th! 


exposed  to  the  oijeeii  of  the  BLm4^Bph«e  ci>ntuDed  in  the  ws 


blood  from  them  ftlter  it  haa  hun 

'c.*^^  ^^f  ni^u.i,iu.Ki..ji.iv,«ingmitsturD  with  that  of  the  opposite  Bide,  forma 
the  Teotr&l  aorta  or  dorasj  arieiy  (av),  which,  proceeding  hackwardi,  dia* 
tribntei  the  blDod  to  the  greilfr  put  of  the  bod;.  The  bnnchial  veisi  of 
the  flrat  pair  of  bran.'liiv  curve  fonrarda,  and  canr  the  hlood  tovardi  the 
haad(^,/);  l^aTeryflne  aadaDaatomolicbrmneh  unil^BUiebruicliialBrterj 
aodTcin  together  at  the  hue  of  the  flrat  pair  of  branchia,  aad  ttua  enlargiog 
aftemu-dH,  allowH  tbe  blood  to  paas  betiveeD  thoH  two  tbwIb  wilhoat  p>»- 
iogacroH  the  gill;  2,  a  email  aoutomotio  brauoh.  unitiiig  in  the  aame  w^ 
the  arifiy  and  vein  of  the  aeeood  pair  of  hraachiia ;  3,  a  tobhI  whkb,  by 
ODitiog  with  a  bihbU  brooch  flitumted  more  inwaidi,  eonnKta  tiie  art«T7  and 
vein  of  thepoal«riorbTaiiohiie;0,orhitaraTte^j  op,  mdimeiitaiyptilnumary 
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arriving  from  the  lungs,  and  poured  into  dte  ventricle  by  the 
other  auricle.     This  mixture  penetrates  into  the  aorta,  and 


through  it  proceeds  in  small  quantities  to    the  lungg,  . 
hence  to  the  other  organs  of  the  body. 


tig.  302. 

Fif .  301.  Tbe  nme  parti  u  in  Fig.  300  in  >  Udpole,  ia  which  the 

wviIb  from  the  heart  to  diS^rent  puts  of  the  bod;  withont  trsTening 
A  DT^toiB-  The  Huoe  letters  indicate  tlie  B«ae  vessels  as  in  the  pre. 
Qg  figure,  and  it  will  he  reiiurked  that  (ha  anaatomotio  bnnehea  (1, 
k,  whieh  in  tbe  preoedlDg  tadpole  were  merely  oapillarj,  are  dqw  large, 
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The  longa  of  the  adnlt  batrachia  have  but  a  few  inc 
cells ;  they  receive  the  hlood  from  two  small  branchee 
aorta,  these  performing  the   office  of  a  pulmonary   artery. 
Thua  the  pulmonary  respiration  is  feeble,  but  the  cutaneous 


mplete 
of  the 


-Skeleton  of  tbe  PVsg. 


makes  up  for  it  by  its  aetiTitj.  When  the  temperature  ia  low  it 
is  sufficient  to  maintain  life.  Progs  breathe  by  the  action  of 
deglutition,  bo  that  to  suffocate  the  fr<^  it  is  only  neceasary 
to  hold  its  mouth  open  for  a  time.     This  mode  of  breatbbg 


is  necessitated  by  the 
the  adult  frog!  theribs^ 
no  louger  be  dilated. 


Fig.  301,— Bunetle. 
incomplete  state   of  the  skeletoD   of 
are  wanting,  and  thus  the  thoras  ciu 
n  mammals,  birds,  and  ordinary  rep- 


g  from  the  lifut  Beem  b>  bi 
0  much  developed.— Fig.  302.  1 
edbf  the  same  letters;  thevee 


The  pnllOAVT 
Lfl  La  ttas  perfect 
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tiles.  Finally,  the  nervous  system  in  these  animals  is  but 
little  developed;  the  brain  is  small,  and  the  cerebellum 
is  scarcely  visible. 

§  473.  Though  the  class  batrachia  be  not  numerous,  it 
has,  notwithstanding,  been  divided  into  four  orders. 

The  Anoures,  which  undergo  complete  metamorphoses,  and 
which  in  the  adult  state  have  no  tail ;  these  are  the  &ogs, 
toads,  rainettes,  pipas,  Surinam  toad,  &c. 

The  .Urodeles,  which  preserve  the  tail,  but  which  in  the 
adult  state  have  four  limbs,  but  no  branchise;  the  aquatic 
salamanders  or  tritons,  are  examples  of  this  order  (Fig  305). 


,-'-'*^"""- 


Fig.  305. — Aquatic  Salamander. 

The  Perenniata,  which  preserve  the  branchiae  through- 
out life,  and  which  also  have  lungs :  these  are  the  proteus, 
the  axolotl  (Fig.  294),  the  menobranchus,  and  the  sii'en. 
Finally,  the  ceciliaB,  which  have  no  limbs,  and  strongly  re- 
semble serpents. 

Some  very  singular  animals  have  been  lately  discovered, 
which  have  branchiae  and  lungs  like  the  siren,  but  which 
have  in  place  of  feet  only  cylindrical  fins,  and  which  so  re- 
semble nshes  in  the  whole  of  their  organization,  that  most 
zoologists  have  arranged  them  in  the  following  class  : — 'these 
are  the  lepidosirens  (Fig.  125). 


CLASS    OF    FISHES. 

§  474.  The  fifth  and  last  class  of  the  primary  division  of 
vertebrate  animals  compriHes  the  class  fishes.  The  circum- 
stance of  their  being  destined  to  live  under  water,  strongly 
affects  their  whole  organization,  as  is  most  seen  in  what 
regards  the  apparatus  of  respiration  and  circulation ;  they 
breathe  by  gills,  and  never  have  lungs*  at  any  period  of  their 

*  The  swimmiDg  bladder  seems  evidentlyto  form  a  rudimentary  lung. — B.  K, 
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lives.  Their  heart  ia  composed  of  two  cavities,  the  auricle 
and  ventricle,  containing  only  dark  blood ;  this  blood  is  sent 
to  the  gills,  and  returns  from  these  after  being  exposed  to 
the  oxygen,  to  be  distributed  to  the  various  parts  of  the 
body,  no  heart  being  interposed  between  the  gills  and  the 
other  organs  of  the  Dody ;  their  blood  is  cold,  and  their  skin 
naked,  covered  only  with  scales ;  they  lay  eggs,  that  being 
their  mode  of  reproduction ;  and  finally,  their  limbs  have  the 
form  of  fins. 

§  475.  They  differ  considerably  in  the  form  of  their 
bodies,  but  the  outline  is  generally  simple,  there  is  no  neck, 
properly  so  called,  and  the  head  is  large;  their  tail  is  not 
distinguishable  from  the  rest  of  the  body.  Some  have  no 
fins,  but  generally  we  find  them  present,  arranged  in  pairs 
symmetrically  at  the  sides  or  singly  on  the  back  and  abdo- 


men (Fig.  306).  Those  in  pairs  represent  the  limbs  of  ver- 
tebrate animals.  The  anterior  are  called  pectoral  fins;  the 
inferior,  which  vary  much  in  position,  are  called  ventral ;  the 
asymmetrical  fins  are  the  dorsal  (d),  anal  (a),  and  caudal  (c), 
according  as  they  are  placed  on  the  back,  under  the  tail,  or  at 
its  extremity.  They  resemble  each  other  in  stiTicture,  and 
consist  almost  always  of  a  fold  of  skin,  supported  by  osseous 
or  cartilaginous  rays,  pretty  much  in  the  way  that  the  wings 
of  bats  and  dragons  are  supported  by  the  fingers  and  ribs. 

The  lar^e  openings  leaaing  to  the  gills  are  placed  behind 
the  head ;  m  breathing,  the  water  passing  into  the  mouth  is 

*  Le  RoQget  (Mullus  Barbatas),  the  Barbed  Mullet,  to  show  the  different 
fins,  &c.: — p,  pectoral  fin;  v,  ventral  fin;  dl,  first  dorsal;  d2,  second 
dorsal;  c,  caudu;  a,  anal;  o,  opening  leading  to  the  gills;  6,  feelers,  or  barbs 
of  the  lower  Jaw. 


driven  acroaa  the  gills  and  escapes  by  these  openingB.    Qene- 
raUy  there  is  but  one  on  each  side,  and  it  has  a  moveable 

Erotecting  covering;  finally,  there  is  throughout  the  whole 
ingth  of  the  body  on  either  side  a  series  of  pores,  called  the 
lateral  line.  The  skin  is 
Bometiiues  almost  naked, 
but  in  general  is  covered 
with  flcaleB ;  these  have  oc- 
casionally the  form  of  nide 
grains,  Bometimes  of  very 
large  tubercles  or  plates; 
bnt  generally  thev  reseinbie 
very  thin  kmellte,  over- 
lapping each  other  like  the 
tiles  of  a  hoase,  and  en- 
cased in  folds  of  the  skin. 
They  may  be  compared  to 
our  nails,  but  generally 
they  include  much  more  of 
the  calcareouii  salts.  The 
colours  of  fishes  astonish  by 
their  variety  and  brilliancy, 
resembling  gold  and  silver : 
these  depend  on  a  number 
of  small  polished  platen  se- 
creted by  the  skin. 

§  476.  The  skeleton  of 
fishes  is  either  osseous  or 
cartila^nous :  in  the  lam- 
prey it  remains  almost 
'  membranous,  and  thus  esta- 
blishes a  link  between  the 
vertebrata  and  invertebrata. 
§  477.  Their  bones  have 
no  medullary  canal,  and 
when  boiled  in  water  they 
give  out  no  gelatine.    The 

skeleton   is  composed_  of  a         Fig.  307.-Skeletoii  of  ihe  Perch, 
head,    trunk,    and    limbs, 

with  a  hyoid  apparatus  largely  developed,  and  assisting  in 
respiration.  ' 

§  478,  The  structure  of  the  head  is  very  complex,  and 
compOBed  of  many  bones;   its    median   portion   (Kg.  3081 


presents  behind  a  cranial  cavity  (e),  lodging  the  o^an  of 
hearing  ae  veil  bb  the  brain.  Abont  the  middle  are  the  orbitar 
cavities  (or),  and  anteriorly,  the  cavities  belonging  to  the 
olfactory  apparatus  (n)  and  a  kind  of  large  prominence  formed 
hy  the  vomer,  and  supporting  the  upper  jaw  (Fig.  309  p). 
The  analoeuea  of  the  occipital,  temporal,  Bphenoidal,  parietal, 
frontal,  ethmoidaJ,  and  vomer  may  readily  be  recognised, 
but  moat  of  these  partu  are  composed  of  several  pieces,  the 
original  germs  of  these  bones,  which  never  unit«  in  fishes. 

Anteriorly,  is  found  the  upper  jaw,  which  is  sometimes 
filed,  but  more  usually  very  moveacile;  on  each  side  are  an 
intermaxillary  bone  (im)  and  a  maiillary  bone  {m),  which  is 
moveable  on  the  first. 

A  eh^u  of  small  bones  extends  on  each  aide  from  the  ante- 
rior angle  of  the  orbit  fJJ  the  posterior,  and  thus  completes 


the  orbitar  circle.  Deeper  may  be  seen  on  each  side  a  kind 
of  vertical  partition  suspended  to  the  cranium,  and  separating 
the  orbita  and  cheeks  Irom  the  mouth.  It  is  formed  by  the 
malogues  of  the  palatine,  pterygoids,  tympanies,  Ac., 
irticolates  with  the  cranium  by  two  pumts  (on  the  vu 


articolat 

and  temples).  Infi^riorly  it  givesattaclimenttothe  lower  jaw, 
posteriorly  it  is  prolonged  so  ax  to  form  a  moveable  covering, 
called  the  g^U  cover.  Thi'ee  bonep  on  each  side  form  the 
lower  jaw,  which  articulates  by  a  concave  surface  with  the 
jugal  apparatus,  just  described;    finally,  an   assemblage   of 


nor  mariliary  bone ;  t,  b  kind  of  Lbt«rml  pftrddoQ  wparftlibff  the  cheek  trtim 
the  moulh,  and  nUcb  vticulntes  forvu'd  with  (lie  lomer  bj  munn  of  thf 
palfttine  uishee,  above  with  the  cranium  (e),  below  with  the  ]o>Ter  jaw.  behind 
with  the  preKipercnlnm  (p),  which,  in  itfl  (urn,  aupporlB  the  operculum  (op)  ; 


bonea  is  found  at  the  bottom  of  the  mouth  suppoi-ting  the 
gills,  and  Beemingly  anatogouB  to  the  hyoid  apparatUB 
(Fk.  309),  extremely  developed. 

The  hone  of  the  tcn^e  (/)  is  continued  backward  with  a 
seriea  of  pieces,  and  articulates  on  each  side  with  a  very  long 
and  very  large  lateral  branch  (6),  and  this  by  its  oppoBite 


Fig.  30».— H«d  >Dd  ReHpintDij  Appamtos  of  >  Fiih.* 

bonea,  support  inferiorly  a  Heries  of  flattened  cnrved  raja  {r), 
which  assiat  with  the  opercular  to  complete  the  w^U  of  the 

*  Fig,  308.  0»eaaa  head  of  Ibe  Fercb,  purtitUj  diBiecl»],  >o  u  to  ahow 
tbe  interior  ol  the  mDntb  nod  the  h^id  >Fpmtui  :-•:,  FrsDium  i  or,  orbit  i 
c,  Tomn,  umed  with  teeth ;  in,  upper  jaw ;  dp,  teeth  Sied  Into  tie  peli- 
tine  mki  w,  lower  miuiUtvj ;  2,  UDguel  booei  fr,  laterBl  braachea  of  the 
hjoid  tfptntm  i  •,  itjlet  «erring  to  snipend  tlieae  brBnthes  to  the  inner 
Burftoe  w  tbe  jugu  pHtiUons  j  r,  radii  brkuebioete^ ;  a,  braochia^  archea; 
^,  anparior  lAiinngeal  bonea ;  ar,  articular  lurfai^e  of  the  pBrtitloo  alreid; 
meatfoned;  e  to  A,  oteeout  girdle  aupporting  tbe  pectoral  an  (;') ;  tfand  o^, 
soapuhi,  formed  of  two  pieeea ;  t.  huoienia ;  ai,  bones  of  the  fore  arm  i 
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branchial  cavities ;  these  are  the  radii  branchiostegi.  Behind 
these  branches  there  descend  from  the  median  portion  of  the 
hjoid  apparatus  four  pairs  of  osseous  arches  (a),  which  ulti- 
mately are  attached  to  the  basis  of  the  cranium  by  means  of 
some  small  bones,  called  superior  pharyngeal  bones  {ph); 
these  arches  carry  the  gills,  and  for  this  reason  are  called 
branchial  arches.  Still  mrther  back,  at  the  entranc^e  of  the 
gullet,  are  the  two  inferior  pharyngeal  bones,  so  disposed 'as 
to  be  applied  against  the  superior. 

Such  generally  is  the  complicated  structure  of  the  head  of 
fishes :  anomalies  exist,  as  in  the  sword-fish  and  in  some 
species  allied  to  the  tunny ;  in  these  the  upper  jaw  is  pro- 
longed into  a  powerful  weapon,  with  which,  they  attack  the 
largest  sea  animals.  Any  ^irther  comparison  with  the  osseous 
he^  of  mammals  need  not  deiain  us  here,  for  much  uncer-' 
tainty  prevails. 

§  479.  In  the  vertebrate  column  there  are  but  two  distinct 


Fig.  310.— Espadon  (Xiphias  Oladios, 
Common  Sword-fish). 

portions,  a  dorsal  and  a  caudal  (Pig.  307).  The  body  of 
each  vertebra  is  formed  like  an  hour-glass,  with  the  two  ex- 
tremities hollowed  out  into  conical  cavity  which  sometimes 
unite  by  an  opening :  the  double  cavity  resulting  from  the 
juxtaposition  of  the  two, vertebrae,  is  filled  with  a  soft  elastic 
substance.  The  osseous  ring  formed  by  the  processes  of  the 
dorsal  part  of  the  column  for  the  protection  of  the  spinal 
marrow,  is  repeated  beneath  the  column  in  its  caudal  por- 
tion ;  it  lodges  the  great  aijtery  of  the  trunk. 

In  some  me  ribs  are  wanting,  in  others  they  are  very  com- 
plete, and  surround  the  trunk ;  and  in  some  they  are  connected 
anteriorly  with  a  chain  of  bones  representing  the  sternum. 
The  ribs,  moreover,  often  carry  one  or  two  small  spines,  which 
are  directed  outwards,  and  penetrate  the  flesh.  Similar  stylets 
also  sometimes  proceed  from  the  bodies  of  the  vertebrae ;  and 
these  are  in  some  very  numerous,  as  in  the  herring.  Finallv, 
in  the  median  line  of  the  body  are  found  the  interspinal 
bones  (Fig.  311,  i);  these  rest  on  the  spinous  processes  of 
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the  vertebne,  and  articulate  by  the  other  extremities  with 
the  radii  of  the  medi&n  &n»  (r) ;  theae  radii  vary  mocb 
in  different  fishea:  sometimes  they  are  only  Oisified  at  die 
base,  formed  afterwards  of  a  number  of  small  articalationa. 
These  Itwt  are  caHed  soft  or  articulated  radii ;  the;  always  form 
the  caudal  fin  (Fig.  307),  and  sometimes  thene  are  no  othera. 
§  4S0.  The  lateral  iius,  representing  the  limbs,  are  ter- 
minated by  radii  similar  to  the  dorsal,  and  analoeoue  to  the 
fingers;  in  the  pectoral  fin,  four  or  five  small  Sat  bones  (Fig. 
309  ca)  reiiresent  the  carpus,  and  these  are  sapported  by  two 
flat  bones  (ai),  the  radius  and  the  ulna.  The  osseous  girdle 
Bupporting  these  is  composed  of  a  series  of  three  bonea,  of 
which  one  (A)  repreaenta  tlie  humerus,  a  second  (a)  the  sca- 
pula, and  a  third,  composed  of  two  pieces,  may  be  oriled  Uie 


Fig,  311.— Doml  Fin. 

coracoid  (m).  The  poeterior  limb  (Fig.  307)  is  less  complex ; 
the  radii  of  the  ventral  fin  are  supported  only  on  a  single  bone. 
§  481.  In  cartilaginous  fishes,  auch  as  the  skate  and  the 
shark,  the  skeleton  somewhat  resembles  that  of  the  tadpole. 
The  cranium  is  without  sntures,  and  is  composed  of  a  single 
piece,  but  modelled  and  pierced  like  the  cranium  of  a  common 
fiid).  The  upper  jaw  is  formed  of  pieces  analogous  to  the 
palatine  bones  and  to  the  vomer;  the  maxillary  and  inter- 
maxillary bonea  either  do  not  exist  or  are  merely  rudimenta^. 
The  lower  jaw  ia  also  formed  of  a  single  piece  on  each  siiJe, 
and  the  opercular  apparatus  is  wanting.  The  vertebral  column 
is  oiten  formed  of  a  single  tube,  pierced  on  each  side  for  the 
paas^  of  the  nerves,  but  not  divided  into  distinct  vertebne ; 
and  the  gelatinous-looking  substance  acting  as  a  ligament  to 
connect  the  vertehne  to  each  other,  oilen  forms  a  continuous 
cord.      The  arrangement  of  the  bones  of  the  shoulder,  pelvia. 
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and  fins,  varies.  Finally,  tbe  hyoid  apparatus  supporting 
the  gills  is  arranged  pretty  much  as  in  other  fishes,  but  in 
the  last  of  the  series,  me  lampreys,  the  branchial  arches  are 
wanting. 

§  .482.  Most  fish  swim  with  great  agility,  and  it  is  said 
that  the  salmon  goes  at  the  rate  of  twenty-four  feet  in  a 
second.  They  swim  by  alternate  flexions  of  the  tail  and 
trunk,  and  the  muscles  intended  to  move  these  form  the 
greater  part  of  the  mass  of  the  body.  The  lateral  fins  are 
not  much  used  in  progression,  and  seem  merely  intended  to 
maintain  the  equilibrium  of  the  body,  or  slightly  to  modify 
the  direction  of  its  course. 

§  483.  A  remarkable  feature  in  the  organization  of  some 
fish  18  the  swimming  bladder,  placed  in  the  abdomen  under 
the  dorsal  spine,  communicating  often  with  the  gullet  or 
stomach  by  a  canal,  permitUng  of  the  escape  of  air  from  its 
int-erior ;  but  sometimes  no  such  passage  exists,  and  then  it  is 
evident  that  the  air  contained  in  the  swimmine  bladder  is 
a  secretion  from  a  gland  situated  on  its  walls.  By  the 
movement  of  the  ribs,  this  air  bladder  is  acted  on,  so  that  by 
the  quantity  of  air  being  diminished,  the  specific  gravity  of  the 
fish  alters  according  to  circumstances ;  but  fish  swimming 
near  the  bottom  have  no  air  bladder — such  as  the  skate,  sole, 
turbot,  and  eel ;  and  sometimes  this  bladder  is  membranous 
and  vascular,  so  as  to  resemble  a  lung. 

In  a  small  number  of  fishes,  as  the  flying  fish,  the  pectoral 
fins  are  much  extended,  so  as  to  permit  the  animal  to  leave 
the  waters  and  to  fly  to  a  considerable  distance ;  and  some 
by  the  same  means  travel  on  the  land,  and  even  climb 
up  trees. 

Whilst  speaking  of  the  organs  of  motion  in  fishes,  we 
cannot  omit  mentioning  a  singular  apparatus  which  some  of 
these  animals  have,  by  means  of  which  they  adhere  strongly 
to  a  foreign  body :  it  is  a  flattened  disc  covering  the  top  of 
the  head,  composed  of  cartilaginous  plates,  moveable,  and  di- 
rected obliquely  backwards  (Fig.  312).  Fishes  of  the  genus 
echeneis  are  the  only  ones  which  have  this  kind  of  organiza- 
tion, and  the  species  found  in  the  Mediterranean  has  been 
long  celebrated  under  the  name  of  remora  (Fig.  313).  Its 
natural  history  has  been  overloaded  with  fables,  and  the 
power  of  suddenly  arresting  a  ship  in  its  course  was  ascribed  to 
it.  A  species  closely  resembling  the  preceding  is  very  common 
in  the  waters  around  the  Isle  of  France,  and  it  is  said  that 
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on  the  coast  of  Caffraria  it  is  employed  in  fishing  for  other 
fishes ;  a  line  being  attached  to  its  tail  it  is  launched  in 
pursuit  of  others ;  so  soon  as  it  becomes  attached  to  them 
the  fisherman,  by  means  of  the  string,  gains  possession 
of  both. 

§  484.  The  life  of  a  fish  is  occupied  almost  wholly  in  pro- 
viding for  its  subsistence  and  escaping  its  enemies;  its  senses 
and  faculties  seem  obtuse  and  limited ;  it  exercises  no  known 
industry,  and  seems  to  be  without  any  remarkable  instinct; 
its  brain  is  small,  and  the  organs  of  sense  imperfect.  The 
brain  does  not  fill  the  cavity  of  the  cranium,  there  being 
found  within  it  a  spongy  fatty  mass,  particularly  in  the  adult 
specimen.  The  lobes  composing  the  brain  are  placed  in  a 
fue,  one  pair  behind  another, — ^namely,  the  olfactory  lobes, 
the  hemispheres,  the  optic  lobes,  and  the  little  brain,  and 
behind  that  the  lobes  belonging  to  the  medulla  oblongata. 


Fig.  312.  Fig.  313.— Bemora. 

The  sense  of  touch  seems  to  be  exercised  only  by  their  lips 
and  by  the  feelers  surrounding  the  mouth  (Fig.  306  b) ;  their 
taste  must  be  imperfect,  considering  the  structure  of  the 
tongue ;  and  as  the  nasal  fossae  consist  of  cavities  which  are 
traversed  neither  by  air  nor  water  mixed  with  air,  the  power 
of  smell  cannot  be  acute.  The  organ  of  hearing  is  enclosed 
within  the  cavity  of  the  cranium,  and  is  composed  of  a  ves- 
tibule and  three  semicircular  canals,  which  sounds  can  only 
reach  by  vibrations  of  the  common  integuments  and  bones  of 
the  cranium.  The  eyes,  it  is  true,  are  large,  but  not  very 
moveable,  the  iris  is  not  contractile,  and  the  lens  is  spheric^; 
they  have  neither  eyelids  nor  lachrymal  apparatus  In  some 
flat  fishes — as  the  sole,  plaice,  turbot — both  eyes  are  placed  on 
one  side  of  the  head,  and  this  want  of  symmetry  extends  to 
other  parts  of  the  body. 

§  485.   Fishes  are  very  voracious :  a  very  few  only  live 
chieny  on  vegetables;  and  they  are  indiscriminate  as  to  theu* 


food.  Some  species  have  no  teeth ;  bat  tn  moat  there  exist 
several  rows,  its  in  the  shark  (Fig.  315);  we  find  them, 
indeed,  attached  to  several  bones  with  which  they  unit«i  for 
thev  have  no  roots ;  they  are  shed  at  regular  intervalB  and 
replaced  by  new  teeth,  and  bebg  generally  all  of  one  kind 
they  receive  their  names  from  the  bones  which  carry  them, 


Tig.  -314.— The  Tnibot . 

as  palatine,  vomerine,  maxillary,  &c.  But  in  difiereut  species 
they  vary  very  mnch  in  form,  being  sometimes  so  fine  and 
thickly  set  as  to  resemble  the  pile  of  velvet,  in  others  they 
are  strong  robust  hooks,  rounded  tnberdes,  or  sharp  cutting 


Vig.  316.— Head  of  the  Hhwk. 

§  486.  Some,  as  the  lamprey.live  hysuctiOD,  nevertheless 
they  also  have  teeth.  There  is  no  salivaiy  apparatus,  and 
the  gullet  is  short,  the  liver  large  and  soft,  and  Uie  pancreas 
is  replaced  by  the  pancreatic  cmca.  surrounding  the  pylorus ; 
finally,  the  position  of  the  extremity  of  the  gut  varies  much ; 
the  kidneys  are  extremely  large,  extending  on  both  sides  of  the 


CLASS  OF  FISHES.  345 

vertebral  column,  and  nearly  throughout  its  whole  length. 
Their  excretory  ducts  terminate  in  a  kind  of  bladder,  the 
external  orifice  of  which  is  situated  immediately  behind  the 
anus  and  the  orifice  of  the  reproductory  organs. 

Digestion  seems  to  be  performed  rapidly,  and  the  chyle  is 
absorbed  by  numerous  lymphatic  vessels  which  terminate  by 
several  trunks  in  the  venous  system  near  the  heart. 

§  487.  The  blood  of  fishes  is  red,  and  the  globules  are 
elliptic,  and  of  considerable  size  (§  81,  Fig.  28  c).  The  heart 
(Fig.  43)  is  placed  under  the  throat,  in  a  cavity  separated 
from  the  abdomen  by  a  kind  of  diaphragm  protected  by  the 
pharyngeal  bones,  tne  branchial  arches',  and  the  humeral 
girdle.  It  is  composed  of  an  auricle  and  ventricle,  from  which 
springs  the  pulmonary  artery.  This  vessel  is  enlarged  into  a 
contractile  bulb  at  its  commencement;  it  soon  divides  into 
branches,  which  proceed  to  the  gills ;  and  the  blood,  after 
having  traversed  these  organs,  returns  towards  the  heart  by 
another  vessel,  also  passing  along  the  edge  of  the  branchial 
arches.  There  these  canals  send  some  branches  to  the  neigh- 
bouring parts,  and  reunite  to  form  a  large  dorsal  artery,  which 
proceeds  backwards  under  the  vertebnd  column,  and  gives 
branches  to  aU  parts  of  the  body  (Fig.  43).  ^  Finally,  all  the 
venous  blood  does  not  pass  directly  to  the  sinus  (auricle) 
already  mentioned ;  that  from  the  intestines  and  from  some 
ether  parts,  before  returning  to  the  heart,  cu-culates  in  the 
liver  by  the  vena  portse.* 

Thus  it  is  that  the  heart  of  fishes  corresponds  to  the  right 
or  anterior  heart  of  hot-blooded  animals,  and  the  blood  passes 
only  once  through  the  heart.  The  circulation  must  be  slower 
than  in  them ;  nevertheless,  the  pulmonary  (branchial)  circu- 
lation is  complete  (Fig.  40). 

§  488.  Respiration  is  performed  in  fishes  by  means  of  the 
air  dissolved  in  the  water,  which  entering  by  the  mouth  is 
passed  across  the  gills  or  branchise.  These  are  vascular 
laminae,  supported  by  the  osseous  branchial  arches  already 
described.  Four  branchiae  generally  exist  on  each  side.  In 
most  cartilaginous  fishes  there  are  five,  and  in  the  lamprey 
seven.  In  nearly  all  the  osseous  fishes  these  lamellae  are  simple, 
and  are  fixed  only  by  the  base ;  but  in  a  small  number,  such 
as  the  hippocampi,  commonly  called  sea-horses  (Fig.  316), 
they  are,  on  the  contrary,  ramified,  and  have  the  form  of 

*  As  in  mammals,  birds,  &c. — B.  K. 
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bunches  of  feathers ;  finally,  in  most  cartilaginous  fishes,  as 
in  the  skate  and  shark,  they  are  attached  by  their  external 
[e  to  the  skin,  as  well  as  by  their  internal  to  the  branchial 


arcnes. 


The  mechanism  of  breathing  is  best  observed  in  the  living 
fish :  the  mouth  and  gill-covers  open  alternately ;  the  water 
entering  by  the  mouth  escapes  by  the  openings  of  the  gills, 
the  gills  themselves  having  in  the  meantime  been  bathed  in 
it;  whilst  this  happens,  the  oxygen  is  extracted  from  the 


r^^^i 


■^<j> 


Fig.  316. — Hippocampus. 

water.  In  osseous  fishes  there  is  generally  but  one  aperture 
of  the  gills  on  either  side :  in  those  with  fixed  giUs,  there  are 
as  many  apertures  as  branchisd.  Thus,  in  the  shark  (Fig.  317) 
there  are  five  pairs  o^openiiigs,  and  in  the  lamprey  (Fig.  334) 
seven.  Hence  the  nature  of  the  respiratory  apparatus  may  be 
known  by  an  inspection  of  the  exterior.  Finally,  in  some  fishes 
(the  lamprey),  the  water  entering  by  the  mouth  reaches  the  gills 
through  a  kind  of  canal  placed  under  the  gullet,  and  inter- 


Fig.  317.— The  Shark. 

posed  between  the  cavity  of  the  mouth  and  that  for  the  gills ; 
the  arrangement  resembles  in  some  measure  the  trachea  of 
the  higher  organized  animals. 

Fishes  do  not  consume  much  oxygen ;  nevertheless,  some 
come  to  the  surface  from  time  to  time  to  breathe  air,  as  if 
that  absorbed  by  the  gills  was  not  sufficient.  Some  even 
swallow  it,  and  convert  the  oxygen  into  carbonic  acid  whilst 
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pSBsing  through  the  intefltineB  j  tiie  loach  of  Btill  waters 
preaenta  this  singalar  phsnomenon.  When  remored  from 
water  into  the  ^r,  most  fiehea  Bpeedity  hecome  aBph;iiat«d,  not 
from  the  ubflenue  of  oiygen,bnthecauBethebraDuhial  laminie, 
DO  longer  flouting  in  water,  collapxc,  and  exclude  the  access  of 
)ur;  they  also  dry  up,  and  become  unSt  for  the  eiercise  of 
fhflir  functions.  The  larger  the  eitemal  aperture  of  the  gills, 
the  speedier  does  death  ensue. 

The  familv  with  labyrinthiforni  pbarjngeals*  have  Te<«p- 
tecles  in  which  they  can  preaerve  water,  as  in  reservoirs,  to 
moisten  the  branchitB :  these  receptacles  are  water-collecting 
cells  placed  above  the  bronchisa ;  hence  the  name  of  the 
iamily. 


Fi£.  318.— RtflpirAloTT  AppBratuR  of  the  An&bu. 
or  ClimbiDg  Fiah. 

These  cells  (Pig.  318),  enclosed  under  the  gill-cover,  and 
formed  by  the  lamellte  of  the  pharyngeal  bones,  retain  a  cer- 
t^n  quantity  of  water,  and  thus  allow  the  animal  to  live  a 
long  time  in  the  air.  They  leave  the  rivers  and  stagnant 
waters  in  which  they  live,  to  traverse  tracks  of  land,  and  some 
even  are  enabled  t«  climb  trees,  aa  the  anabas.  They  are 
□ativea  of  the  Indies,  China,  and  the  Molncca« ;  and  one  spe- 
cies, the  gonrami,  much  esteemed,  has  been  acclimated  in 
the  ponds  of  the  IbIc  of  France  and  Cayenne. 

§  489.  A  remarkable  production  of  fiahea  ia  that  of  elec- 
tricity, and  the  power  it  gives  them  of  killing  their  prey  by 

*  ExvpplflB:   anabiu  tcandBnt,  olimbing  flflh;   otptromenut  o^ax^  tho 


an  electric  shock.  The  torpedo,  the  ailnrua  or  milapteranu, 
and  a  apewes  of  synmotui  have  this  power ;  and  what  u  very 
remarkable  is,  tnat  the  electric  organ  presents  a  different 
conformation  ix       ' 


Fig.  S19.— The  QTimiotni  Ele( 


The  gymnotus,  or  electric  eel  of  Surinam  (Pig.  319),  pos- 
sesses t£e  power  iu  the  highest  degree;  it  resembles  an  eel, 
but  it  has  no  fins  towards  the  extremity  of  the  tail,  and  it 
has  DO  distinctly  visible  scales.    It  attains  sometimes  sii  feet 
in  length,  and  the  akin  in  covered  with  a 
gluey  matter.    It  is  met  with  in  vast  num- 
bers iu  the  rivulets  and  sta^ant  waters 
of  the  immense  plains  of  Soutli  America. 
The  electric  shocks,  which  it  discharges  at 
will,  are  sufficiently  strong  to  kill  men  and 
horses ;   and  being  transmissible   through 
water,  the   gymnotus    does    not   require 
to   touph  its  prtrr.      At  £rat  the   electric 
disduu^   are   feeble,  bat  when   roused 
they  become  terrible ;  but  by  this  effort  it 
becomes  exhausted,  and  requires  repose  be- 
fore it  can  renew  the  attack ;  this  is  the 
moment  its  captors  avail  themselves  of  to 
Kg  320  — Tho  Com-   '^^^  '*■     Wild  horses  are  driven  into  the 
fflon  Torpedo.      waters  inhabited  by  these  fishes,  and  on 
these  the  gymnoti  expend  the  first  shocks; 
being  thus  exhausted,  they  are  easily  taken  by  the  net  o 


pos«d  of  a  great  number  of  parultel  membraniform  plates, 
which  are  nearly  horizoni&l,  and  united  bj  an  infinity  of  other 
still  smaller  plates,*  placed  verticall;  across ;  these  small 
prixmatic  and  tranarerge  cells  formed  by  the  reunion  of 
these  lamins  are  filled  with  a  gelatinous  matter,  and  the 
apparatus  receives  numerous  very  large  nerves. 


Dnl«d  240  af  llieaa  pliUi  in  tbe  inch.— B.  R. 
Bin  i  m>,  ipintl  mBirow ;  d,  ejt  Bad  optic  n^ 
Deurao^Mtric  npn«B  proce^ing  to  the  electrio 


circaUr,  the  anterior  edge  ot  whivb  is  fonned  by  two  pro- 
longationH  of  the  muzzle,  which  on  each  side  proceed  to  unite 
with  the  pectoral  fins,  and  leave  between  these  organs,  the 
head  and  uie  branchiie,  an  oval  spac«,  in  wbich  is  lodgred  the 
electric  apparatns  of  the  fiah.  This  apparatus  (Fig.  321)  is 
composed  of  a  number  of  vertical  membranous  tubes  closely 
packed,  like  honeycomb,  and  eubdirided  by  horizontal  parti- 
tions lUled  witbmucoMties,  and  animated  by  severe  very  large 
branches  of  the  pneumogastric  nerve.  In  these  ainguEir 
organs  is  produced  the  electricity,  which  has  now  been  proved 
to  resemble  in  every  respect  common  electricity.  These  ani- 
mals are  less  pow^ful  than  the  gjmnotua.  fiy  experiment, 
it  has  been  ascertained  that  this  property  depends  on  the 
posterior  lobe  of  the  encephalon,  and  that  bjr  destroying  this 
lobe,  or  cutting  the  nerves  proceeding  from  it,  the  faculty  is 
lost.  They  are  found  in  the  seas  on  the  coast  of  La  Yend^ 
and  Provence.* 


Fig.  323.— Elutric 

Finally,  the  silurus eleetricus  ormalapterums  (Fig. 322),  is 
a  native  of  the  Nile  and  the  Senegal ;  its  length  varieo  from 
a  foot  to  fiiteen  inches,  and  its  electric  properties  seem  to 
reside  in  a  particular  space,  situated  between  Uie  skin  of  the 
flankR  and  the  muscles,  resembling  a  leafed  cellular  tissue. 
The  Arabs  call  it  the  raascA,  which  signifies  thunder. 

§  490.  Fishes  multiply  by  means  of  eggs,  and  a  single 
spawning  in  some  produces  hundreds  of  thousands.  In 
general  they  have  only  a  mucilaginous  protecting  envelope, 
and  they  are  hatched  after  spawning  without  any  care  on  the 
part  of  the  parent.  But  some  are  ovo viviparous.  However  this 
may  be,  they  are  all  abandoned  bv  their  parents,  and  many 
perish.  It  IS  probably  owing  to  the  circumstances  connected 
with  the  birth,  that  fishes  are  found  in  vast  troops  called  by 

•  Tbe  R^muia  wore  well  BcquBiiitad  with  the  Blootric  pruperHci  of  lh» 
Torpedo,  and  used  (hem  fiir  the  care  of  puralysit.—R.  K. 
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the  fishenneu  bancs.  These  reunions  can  scarcely  he  called 
societies,  and  they  prohahly  follow  each  other  from  a  tendency 
to  imitation. 

§  491.  However  this  may  be,  these  animals  unite  in  vast 
troops  to  ascend  rivers  or  to  change  their  habitat.  Some 
lead  a  sedentary  life,  remaining  always  in  the  same  locality ; 
others  are  constantly  wandering,  and  some  perform  distant 
voyages.  At  fixed  periods  of  the  year  they  assemble  in  vast 
numbers  from  regions  which,  if  not  distant,  are  at  least  un- 
known. This  is  the  case  with  the  herring,  and  the  same  may 
be  said  of  the  salmon.  The  herrings  deposit  their  eggs  near 
the  coast,  and  the  young  retire,  in  all  probability,  merely  into 
deeper  waters.  The  idea  of  their  travelling  to  and  from  the 
Arctic  Seas  seems  quite  a  fable.  They  appear  on  the  coast  in 
winter  and  in  early  spring,  and  again  at  midsummer  and 
during  the  autumn.  Their  numbers  when  they  first  appear 
seem  incredible ;  but  they  are  capricious,  and  will  abandon 
certain  waters  for  a  long  period.  From  the  middle^of  October 
to  the  end  of  the  year  they  abound  in  the  part  of  the  sea  called 
La  Manche  (the  English  Channel),  and  principally  in  the 
Straits  of  Dover,  as  far  as  the  mouth  of  the  Seine.  In  July 
and  August  they  are  generally  found  in  the  open  sea,  at  a 
distance  from- the  coast,  and  the  spawn  has  been  found  at 
every  season  of  the  year.  After  spawning,  they  are  poor  and 
of  little  value.  Sixty  thousand  eggs  have  been  found  in  a 
single  female  of  a  medium  size.  In  conclusion,  but  little  is 
known  of  the  natural  history  of  the  young  of  these  fishes.* 

§  492.  The  sardine,  mackerel,  herring,  and  anchovy,  are 
fish  of  passage,  or  migratory,  which  periodically  visit  our 

*  The  herring  fishery  was  formerly,  especially  with  the  Dutch,  a  branch  of 
industry  of  great  national  importance ;  and  in  the  two  provinces  of  Holland 
Proper  and  West  Friesland,  two  thousand  vessels  and  more  than  eight 
hundred  thousand  people  were  engaged  in*  this  fishery.  Although  much 
diminished  in  importance,  everywhere,  the  varioua  ports  between  Dunkirk 
and  the  mouth  of  the  Seine  still  employ  from  three  to  four  hundred  vessels 
and  about  five  thousand  seamen  in  this  fishery,  and  the  products  have  been 
valued  at  nearly  four  millions  of  francs. 

It  is  a  net  fishery,  the  nets  being  suspended  in  the  sea  like  a  wall: 
into  the  meshes,  which  must  be  of  a  legal  size,  the  herring  enters  head  fore- 
most beyond  the  gill  covers,  and  is  thus  caught  between  the  gill  covers  and 
the  pectortd  fin.  If  intended  for  salting,  it  should  be  done  as  soon  as  pos- 
sible. By  the  old  Dutch  laws,  no  herrmg  was  allowed  to  be  salted  after 
sunset.  The  Dutch  still  maintain  their  superiority  in  the  curing  of  herrings.f 


t  The  pilchard,  still  caught  in  great  numbers  on  the  coast  of  Cornwall,  is 
a  fish  analogous  in  its  habits  to  the  herring. — B.  K. 
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shores,  and  give  rise  to  important  fisheries.    The  salmon  is 
also  equally  remarkable  for  its  journeys  or  voyages.    It  in- 
habits all  the  Arctic  Seas,  and  each  spring  it  enters  the  rivers 
in  vast  troops,  to  ascend  them  even  to  their  sources.    In 
these  emigrations  the  salmon  follow  a  regular  order,  forming 
two  long  files,  reunited  in  front,  conducted  by  the  largest 
female,  which  precedes,  whilst  the  small  males  tona  the  rear- 
ward.     These  troops  swim  in  general  with  much  noise, 
in  the  middle  of  rivers,  and  near  the  surface  of  the  water  if 
the  temperature  be  mild,  but  nearer  the  bottom  if  the  heat  be 
great.    In  general,  salmon  advance  slowly,  sporting  as  they 
proceed ;  but  if  danger  appears  to  threaten  them,  the  rapidity 
of  their  course  becomes  such  that  the  eye  can  scarcely  lollow 
them.   If  a  dyke  or  cascade  opposes  their  progress,  they  make 
the  greatest  efforts  to  overcome  it.    Bestmg  on  some  rock, 
and  extending  the  body  suddenly  and  with  violence,  after 
being  curved,  they  spring  out  of  the  water,  leaping  occa- 
sionally to  the  height  of  four  or  five  metres  (fifteen  feet)  in 
the  air,  and  so  as  to  fall  beyond  the  obstacle  which  stops  them. 
Salmon  ascend  rivers  even  to  their  source,  and  search  in  the 
small  streams  and  tranquil  places  a  bottom  of  saud  and 
gravel  adapted  for  the  deposition  of  their  eggs.    Then,  feeble 
and  thin  by  such  fatigue,  they  descend  in  autumn  towards 
the  mouth  of  the  rivers,  in  order  to  pass  their  winter  in  the 
sea.    The  eggs  are  deposited  in  a  trough  dug  by  the  female 
in  the  saud;  they  are  afterwards  fecundated  by  the  male. 
The  young  salmon  grow  very  rapidly;  and  when  they  are 
about  a  foot  long,  they  leave  the  rivers  to  repair  to  the  sea, 
which  they  quit  in  its  turn  to  again  enter  the  rivers,  when 
they  are  about  four  or  five  decimetres  in  length  (from  sixteen 
to  twenty  inches),  that  is  to  say,  towards  the  middle  of  the 
summer  that  followed  their  birth.    We  have  already  seen 
that  the  swallows,  which  at  the  approach  of  the  cold  season 
emigrate  to  the  south,  return  annually  to  the  same  places. 
It  appears  that  salmon  have  the  same  instinct.   To  be  assured 
of  it,  a  naturalist  of  the  name  of  Deslandes  put  a  copper  ring 
in  the  tail  of  twelve  of  these  fishes,  and  restored  them  to 
liberty  in  the  river  Auzou  in  Brittany.   Soon  afterwards  they 
all  disappeared,  but  the  year  following  they  caught  in  the 
same  place  five  of  these  salmon ;  in  the  second  year  three,  and 
in  the  year  following  still  three. 

[The  sardine,  the  mackerel,  the  tunny,  the  anchovy,  and 
the  sprat,  are  also  fish  of  passage,  which  periodically  visit 
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the  coast,  and  give  rise  to  important  fisheries.  The  salmon 
is  equally  remarkable  for  its  voyages.  Its  precise  habitat 
in  the  ocean  is  unknown;  but  at  stated  periods  it  ascends 
the  rivers  even  to  their  sources,  in  general  during  the 
autumn  and  early  winter  months.  Under  the  gravel  of 
these  fresh-water  streams  it  deposits  its  eggs,  which  in  early 
spring,  usually  about  the  beginning  of  May,  leave  the 
gravel  to  pass  into  the  stream.  The  period  intervening  be- 
tween their  escape  through  the  gravel,  to  their  descent  to 
the  ocean  as  smolts  (that  is,  young  fish  covered  with  sUvery 
scales),  has  not  yet  been  fully  determined,  some  viewing  it  as 
a  year,  others  only  a  few  weeks.  But  however  this  may  be, 
there  appear  annually  in  May,  in  every  salmon  river,  vast 
shoals  of  smolts,  that  is,  silvery-scaled  fishes,  and  which  for 
certain  are  the  young  of  the  salmon.  In  a  very  short  time 
they  begin  to  descend  the  streams,  in  which  descent  they 
are  much  aided  by  a  flooded  state  of  the  river  from  rain,  and 
with  them  descend  the  spawned  fish — ^their  presumed  parents. 
The  smolt  which  descends  to  the  oc^an  in  the  beginning  of 
May,  and  which  at  that  time  is  four  or  five  inches  in  length,  and 
one  or  two  ounces  in  weight,  returns  in  June  and  July  a  well 
grown  salmon  of  five  or  six  pounds.  Thus,  if  the  growth 
of  young  salmon  in  fresh  waters  be  slow,  their  growth  in  the 
sea,  where  they  seem  to  obtain  a  peculiar  kind  of  food,  is 
rapid  beyond  imagination.  During  the  winter,  the  fish  that 
are  about  to  spawn,  and  that  have  spawned,  do  not  seem  to 
feed ;  they  lose  weight  constantly,  and  return  to  the  sea  in 
May,  generally  in  an  extremely  exhausted  state.  Like 
swallows,  salmon  have  the  instinct  of  returning  to  the  place 
of  their  birth,  a  fact  known  from  the  most  remote  times, 
and  proved  by  a  vast  number  of  experiments  made  in  Scot- 
land during  the  last  half  century.  The  average  period  of  the 
incubation  of  the  egg  under  the  gravel  is  about  one  hundred 
and  twenty  days ;  they  incubate  only  during  the  winter  and 
spring,  and  the  young  salmon,  whilst  in  the  rivers,  has 
generic  characters  and  a  dentition  common  to  all  the  sal- 
monidse. — R.  K. 

§  493.  The  habits  of  fishes  do  not  offer  many  curious 
particulars ;  nevertheless,  reflecting  on  their  importance,  but 
a  few  years  ago  in  the  history  of  the  maritime  nations  of 
Europe,  and  that  in  France  there  are  from  thirty  to  forty 
thousand  seafaring  men  still  engaged  in  this  branch  of  in- 
dustry, extending  their  voyages  to  the  coasts  of  Iceland  and 
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Newfoundland  in  quest  of  the  cod  (}<'ig.  323),  a  large  and 
excellent  fish  abounding'  on  these  coaa^,  though  uot  on  ours, 
the  Hubject  eanuot  be  said  to  be  without  interest. 

§  494.    Claiiification.- — Fishes   form   one  of  the   most 

numerous  cIbsmb  of  the  animal  kin^om,  and  are  usually 

divided  into   two   seriefl,   according  to  the  nature  of  their 

^kelet^in. 

The  group  or  aub-class  of  osseous  fishes  is  by  far  the  most 

n  genera  and  species.     It  is  compWd  of  all  the 


ordinary  fishes,  and  is  subdivided  into  six  orders  by  cha- 
racters m  general  not  very  important.  These  orders  are — 
Acanthopterygii,  lAalacopterygii  abdominales,  Malacopteryj^ii 
sub-hranchi^es,  Malacopoterygii  apodes,  Lophobranchii,  and 
Plec.tognathi. 

§  495.  The  pleotognathi  differ  from  all  other  fishes  in  the 
conftirmaljon  of  their  mouti,  for  in  them  the  upper  jaw-bone 
is  united  to  the  craniam.     This  family  comprises  the  coffres 


(Fig.  324),  which  have  the  body  covered  with  a  kind  of  cuirass 
with  osseous  compartmenta ;  the  diodon  or  globe-fish,  and 
the  tetrodon.  which  by  swallowing  the  air  become  inflated 
like  a  ball,  are  examples  of  this  class. 

§  496.  The  lophobranchii  are  characterized  by  the  struc- 
ture of  the  gills.  These,  instead  of  resembling  the  teeth  of  a 
comb,  divide  into  little  rounded  tulls,  fixed  in  pail's  along  the 
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branchial  arches.      The  syngnathus  and  the   hippocampus 
belong  to  this  family. 

§  497.  The  acanthopterygii  comprise  all  osseous  fishes 
with  the  upper  jaw  moveable  and  comb-formed  branchise,  and 
in  whom  the  first  fin  is  supported  by  osseous  and  spiniform 


Pig.  325.— Thon  (the  Tunny). 

rings  (Fig.  311).  The  perch,  the  mackerel,  the  tunny  (Fig. 
325),  the  sword-fish,  ana  nearly  three-fourths  of  all  known 
fishes,  belong  to  this  family. 

§  498.  The  abdominal  malacopterygii  are  distinguished 
from  the  preceding  by  having  the  rays  of  the  first  dorsal  fin 


Fig.  326. 


Fig.  327.— Brocket,  or  Pike. 


cartilaginous,  articulated  towards  the  extremity,  and  generally 
divided  into  several  branches  (Fig.  326).  This  character  is 
common  to  it  with  the  two  remaining  groups  of  osseous 
fishes,  and  to  distinguish  them  it  is  necessary  to  add,  that, 
the  ventral  fins  are  situated  under  the  abdomen,  behind  the 


Fig.  328.— The  Anchovy. 

pectoral  fins,  and  not  attached  to  the  bones  of  the  t^houlder. 
To  this  order  belong  the  carp,  the  jjike  (Fig.  327),  the 
silurus  (Fig.  322),  the  salmon,  the  herrmg,  the  sardine,  and 
the  anchovy. 

A  a2 
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§  499.  The  BQb-branchiated  paJacopterygii  have  the  fata 
formed  in  the  Nime  manner  ae  in  the  last ;  but  their  abdominal 
fins  are  placed  under  the  pectorals.  This  diviBion  compriam 
the  cod  (Pig-  323),  the  merlan,  the  remora  (Fie.  313),  and  the 
family  of  the  plenronectes  or  flat  fish,  as  tbe  plaice  (Fig.  329), 
the  turbot  (Fig.  314),  the  sole,  &t. 

S  600.  Finally,  tbe  malacopterygii  apodes  are  characterized 
by  the  absence  of  ventral  fins,  and  of  spinous  rays  in  the 
dorsal  fin.  To  this  family  belong  the  eels,  the  gjmnotos 
(Fig.  319),  Ac 


Pig,  32«.— The  Pbico. 

§  501.  Tbe  cartila^nous  fishes  or  chondropterygii  have 
the  skeleton  cartila^nous,  and  sometimes  almost  membranous, 
never  osseona,  the  calcareous  matter  hardening  its  surface 
being  deposited  in  little  grains.  There  is  even  a  resemblance 
between  it  and  that  of  the  tadpole.  The  superior  maxil- 
lary and  intermaxillai^  bones  are  rudimentary,  and  the  upper 
jaiv  is  forroed  easentialljf  by  the  palatine  bones.  Sometimes 
the  gills  are  free  at  their  edge,  and  sometimes  fixed,  and  tbis 
difierence  serves  as  a  basis  lor  their  division  into  two  groups, 
— namely,  the  chondropterygii  with  free  branobife,  and  those 
with  fixed  branchiae;  and  these  latter  are  subdivided  into  two 
others,  the  selaciens  and  the  cvcloetomea. 

§  502.  Tbe  order  of  chondropterygii  with  free  gills  are 
also  called  gftiriones,  because  they  have  for  their  type  tbe 
sturgeon  (sturio).  It  is  composed  of  fishes  in  whose  figure 
there  is  nothing  irregular  (Fig.  330),  and  which  have  for  the 
most  part  tbe  skin  provided  with  large  osseous  plates  dis- 
posed in  rows*  and  the  mouth  toothless. 

§  503.  The  chondropterygii  with  fixed  gills  have  a  re- 
markable  common  character,  which  haii   already   been   de- 

•  In  Dtber  words,  ■  dermoid  skeleton.— R.  K. 
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scribed.  The  gills  are  fixed  at  both  edges,  and  instead  of 
having  one  opening  by  which  the  water  escapes,  there  are 
several, — ^as  many  openings,  in  fact,  as  there  are  intervals 
between  the  gills.  The  openings  are  almost  always  external, 
nevertheless  they  terminate  sometimes  in  a  common  canal, 
by  which  they  transmit  the  water  externally ;  finally,  car- 
tUaginotts  arcnes  suspended  in  the  flesh  are  often  foand  op- 
posite the  external  edges  of  the  branchiae.     Lastly,  these 


Fig.  330.— The  Sturgeon. 

fishes  di£%r  much  from  each  other,  and  constitute  two  orders 
-^the  selacian  (plagiostoma)  and  the  cyclostoma. 

§  504  The  first,  including  the  family  of  the  squali,  com- 
posed of  the  sharks  properly  so  called,  the  requin  (Fig.  317), 
the  hammer-headed  shark  (Fig.  332),  the  saw-fish,  &c. ;  and 
the  family  of  the  skate,  in  which  the  torpedo  (Fig.  320) 
as  well  as  the  skate  properly  so  called  have  a  pl£u;e  (Fig.  331). 
All  these  fishes  have  five  branchial  openings  on  each  side  of 


n^ 


Fig.  331.— Skate. 
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Fig.  332.— Hammer-headed  Shark. 


the  neck,  resembling  fissures ;  and  several  have  on  the  upper 
part  of  the  head  two  openings,  called  blow-holes,  by  which 
the  water  reaches  the  gills  when  the  throat  is  temporarily 
filled  with  their  prey.  They  are  most  voracious  animals, 
especially  the  requin  or  blue  shark  (Fig.  317).  Some  are 
oviparous,  whilst  others  lay  eggs  covered  with  a  hard  and 
Jiomy  case. 

§  505.  The  order  of  cyclostomes  is  characterized  by  the 
singular  conformation  of  the  mouth,  adapted  only  for  sue- 
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tion  (Fig.  333);  they  are  the  most  imperfect  of  all  the 
ordinary  vertebrata.  Their  flkelet-on  is  aometimes  mem- 
brauoufl,  as  in  the  amocetea  or  river  lampreys,  and  is  always 
less  complex  than  in  other  fishes; 
their  nervoua  ayatem  is  but  little 
developed,  and  the  gills  have  the 
form  of  small  baga.  The  lampreys 
(Fig.  334)  coDBtitute  the  principal 
type  of  this  group. 

§  606.  A  vety  singalar  animal, 

evidently  belonging  t^  the  vertebrata, 

but  deficient  in  many  of  their  cba- 

Fi    333— MouUiofthe       ractets,   baa   lately    attracted   some 

Lusprej,  attention.      It  is  called  the  amphi- 

oxus,  and  i£  a  amall  marine  animal, 

snffi     ntly    like    a   fish,   but   which    haa   neither  vertebrse 

p  ope  ly   o  called,  nor  heart,  nor  red  blood,  nor  a  distinct 

b  a         It    skeleton  ia  represented  by  a  cartilaginoas  atalk, 

resen  bl  ng  the  cartilaginous  cord  preceding  the  formation  of 


.—The  Lamprey. 

the  vertebral  column  in  the  embryo  of  the  ordinary  verte- 
brata ;  the  cerebro-epinal  axia  occupies  ita  usual  place,  but 
presents  anteriorly  no  enlai^ement  which  may  be  compared 
to  a  brain;  the  circulation  is  accomplished  by  means  of 
vessels  whose  walls  are  contractile,  and  the  walls  of  the 
pharyngeal  cavity  take  the  place  of  a  respiratory  apparatus. 
Most  zoologists  arrange  this  degi'aded  vertebral  animal  in  the 
class  fishes;  but  it  seems  evident  to  us,  that  in  a  natural 
classification  the  amphioxus  ought  to  occupy  a  particular 
division. 

[tt  formed  no  part  or  the  plan  of  the  author's  excel- 
lent work  to  follow  out  any  of  tlie  great  views  which  the  in- 
troduction of  the  transcendental  anatomy  into  science  has 
forced  on  the  consideration  of  all  observers,  and  I  have  there- 
fore not  deemed  it  necessary  to  add  lately  to  the  few  hints 
given  by  the  author  himself.  As  in  a  passive  or  two  of  the  pre- 
ceding portions  of  the  work  the  author  has  glanced  at  a  sub- 
ject of  great  interest,  namely,  the  distinctness  of  species  and 
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even  of  genera,  yet  strongly  resemblinff  each  other  in  dif- 
ferent regions  of  the  globe,  I  have  thought  that  the  following 
brief  sketch  of  the  relation  of  species  to  genus  might  interest 
the  reader : — 

"  Zoology,  to  be  esteemed  a  science,  must  be  based  on  philo* 
sophical  principles.  True,  it  is  a  science  of  observation  and 
not  of  calculation ;  it  has  to  deal  with  living  bodies,  and  with 
the  mysterious  and  hitherto  undiscovered  principle  of  life, 
whose  laws  are  not  to  be  explained  by  numbers,  however 
multiplied,  nor  by  a  geometry,  however  refined.  Fluxions 
avail  not  here,  nor  the  integral  calculus.  Nevertheless,  some 
great  minds  have  shown  that  Zoology  has  its  laws,  which, 
despite  difficulties  almost  innumerable,  may  be  so  inquired 
into  as  to  evolve  some  truths  of  more  import  to  man  than  at 
first  appears. 

"  The  observation  of  nature  is  no  doubt  the  first  duty  of 
every  candid  observer ;  next  comes  the  duty  of  the  inquirer 
into  her  laws,  for  the  mere  observance  of  a  fact  is  of  no  value 
whatever,  unless  that  fact  be  placed  in  its  relations  with  all 
others.  Men  had  observed,  and  no  doubt  observed  carefully, 
long  before  the  age  of  Aristotle,  but  he  alone  was  equal  to  the 
production  of  the  Historia  Animalium.  He  was  followed, 
at  a  long  interval,  by  Buffon  and  Linn^ ;  last  came  the  im- 
mortal Cuvier.  The  discovery  of  the  true  signification  of  the 
fossil  remains  of  the  organic  world  by  this  illustrious  and 
justly  celebrated  man,  was  unquestionably  the  most  remark- 
able step  ever  made  for  the  advancement  of  the  human  mind. 
The  element  of  research  he  employed  was  the  descriptive 
anatomy  of  the  adult  or  fully-developed  individual  of  all,  or 
at  least  of  most,  of  the  species  of  animals  now  occupying  the 
globe.  The  minute  descriptive  anatomy  of  the  species,  with 
a  view  to  the  rigorous  determination  of  its  true  nature  and 
position  in  a  natural-history  arrangement,  seemed  to  be  the 
ultimatum  of  all  his  inquiries ;  and  if  he  spoke  of  genera  or 
natural  families,  it  was  more  as  a  naturalist,  or  as  one  by 
whom  generic  distinctions  were  viewed  rather  as  expressions 
of  philosophic  arrangement  than  as  realities  based  in  Nature. 
It  was  wnilst  pursuing  this  inquiry  into  the  existing  and 
living  fauna  of  the  present  world,  that  the  thought  struck 
him  of  applying  the  element  of  research  he  then  wielded  with 
such  dexterity  to  the  fossil  remains  of  a  former  world :  never 
since  man  studied  science  had  a  thought  so  fruitM  in  great 
results  entered  the  human  mind.    By  it  he  dissected,  as  it 
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were,  thp  globe  itself,- giving  *to  the  lovers  of  tnith  in  science 
a  key  wherewith  to  re^  those  vestiges  of  successive  animal 
forms  which  we,  for  want  of  a  more  correct  term,  call 
Vestiges  of  Creation,  and  removed  from  the  mental  vision  of 
men  that  dark  veil  of  ignorance  which  had  certainly  endured 
for  some  thousand  years.    . 

"  As  Cuvier  pursued  his  anatomical  investigations,  for  they 
were  strictly  so,  he  classified  and  arranged  the  individual 
animals  examined  by  him  into  distinct  species,  according*  to 
their  anatomical  differences ;  still,  adhering  to  the  anatomical 
method,  he  only  viewed  the  distinctions  as  generic  when  they 
were  wider,  larger,  and  quite  apparent.  Not  that  he  despised 
external  characters,  or  neglected  them  ;  but  as  an  anatomist 
he  felt  himself  bound  to  view  them  as  secondary,  and  of 
infinitely  less  importance  than  the  anatomical.  Moreover, 
they  were  wholly  inapplicable,  or  nearly  so,  to  the  fossil 
world,  at  least  to  that  class,  the  Yertebrata,  in  which  man  is 
most  interested. 

"  If  the  theory  I  am  about  to  propose  be  true,  that  the 
young,  namely,  of  every  species,  represents  a  generic  animal, 
embracing  in  its  structure  and  natural  history  characters  the 
possible  of  all  the  species,  past,  present,  and  to  come,  belong- 
ing to  the  natural  family  of  which  it  forms  a  portion,  then 
the  natural  history  of  the  fossil  world  might  be  guessed  at, 
might  be  restored,  but  not  otherwise.  The  fossil  horse  was 
only  a  horse  generically ;  but  whether  a  horse  properly  so 
called,  an  ass,  a  zebra,  a  quagga,  or  none  of  these,  none  can 
now  for  certain  say :  the  fossil  tiger  was  no  tiger,  in  all  pro- 
bability ;  nor  the  bear  a  bear,  appertaining  to,  or  to  be  classed 
with,  any  species  now  living.  The  exterior  of  the  fossil 
world  is  lost  for  ever ;  all  that  is  left  of  it  being  merely  the 
fabulous  traditions  of  rude  ages,  peopling  the  world  with 
monsters,  which  the  discoveries  of  Cuvier  in  some  measure 
corroborated. 

"  When  the  anatomical  method  failed  in  Cuvier*s  hands,  as 
it  often  did,  the  illustrious  discoverer  was  thrown  upon  the 
field  of  hvpothesis.  The  seeming  fixity  of  species  was  the 
first  stumbling-block  he  encountered ;  this  led  to  his  theory 
of  successive  creations,  if  that  can  be  called  a  theory  whi<^ 
removes  the  inquiry  at  once  from  all  further  investigation. 
By  anatomy  it  was  not  easy,  occasionally  impossible,  to  dis- 
tinguish species  from  each  other,  which«  when  viewed  as 
clothed  with  their  external  attributes,  are  obviously  and 
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notorioufily  distinct.  In  this  predicament  stood  the  lion  and 
tiger,  panther  and  leopard,  horse,  zebra,  ass,  dog,  wolf,  hx, 
jackall,  pig,  ox,  man.  The  theory  of  variety,  to  a  certain  extent 
permanent,  was  next  brought  to  bear  on  these  difficult  ques- 
tions; the  influence  of  domesticity  was  also  invoked,  and 
even  the  fruitfulness  of  hybrid  races  was  asserted ;  so  that 
Natural  History  fast  retrograded  towards  the  silly  hypothesis 
ascribed  to  Aristotle,  who  is  supposed  to  have  conjectured 
that  the  vast  variety  of  animal  forms  with  which  Airica 
abounds,  is  due  to  the  arid  nature  of  the  country,  and  its 
paucity  of  rivers  and  springs,  thus  bringing  together  animals 
of  many  species  and  genera ;  hence  the  varied  character  of 
Airic's  Fauna. 

"  The  inadequacy  of  anatomy  to  distinguish  species  in  eveiy 
case  was  fully  admitted  by  Cuvier  himsefi*.  I  also  admit  this 
practically,  but  with  this  reservation,  that  the  minute  anatomy 
of  even  the  osteology  of  every  species  differs  in  a  certain 
degree,  however  slight,  from  every  other ;  but  such  minute 
differences  are  not  of  much  impoi*tance  in  the  establishment 
of  important  principles,  nor  can  they  always  be  depended  on. 
The  nasal  bones  of  the  horse  and  ass  differ  in  form  &om  each 
oth^,  more  perhaps  than  any  part  of  their  respective  os- 
teology ;  but  now  insignificant  is  this  difference,  in  a  natural- 
history  point  of  view,  when  compared  with  those  external 
characters  which  mark  the  zebra,  the  horse,  the  ass,  and 
quagga !  The  same  remarks  apply  to  the  lion  and  tiger,  in 
respect  of  these  very  bones^  the  nasal,  and  their  relations  to 
tiie  superior  maxillary  bones ;  to  the  white  ox  of  Scotland, 
and  to  the  C'Ommon  domestic  ox.  The  nasal  bones,  the  skele- 
ton of  the  head,  the  character  of  the  teeth,  do  not  differ  more 
regularly  or  constantly,  nor  to  the  same  extent,  in  the  horse, 
zebra,  and  ass,  than  they  do  in  the  races  of  man.  The  skeleton 
o£  the  head  of  the  negro  and  Bosjesman  differ  much  more 
widely  from  the  white  races  of  man  than  those  of  the  horse 
and  lion  differ  from  the  corresponding  structures  in  the  tiger 
and  zebra.  I  do  not,  therefore,  admit,  to  the  full  extent,  that 
anatomical  characters  ever  fail  to  discriminate  species ;  but  I 
freely  admit  their  occasional  inadequacy  to  characterize  or  to 
lead  to  the  determination  of  species  in  a  practical  sense.  On 
the  other  hand,  the  fecility  with  which  this  may  be  done,  by 
a  consideration  of  the  external  characters,  is  known  to  all  the 
world.  Science  admits  of  no  exaggeration;  Anatomy  baa 
done  much  for  Natural  History j  much  for  Philosophy;  still 
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more  for  humanity,  by  purging  the  human  mind  of  deep- 
rooted  errors,  of  a  gross  and  scandalous  character,  of  forty 
centuries*  growth.  But  Anatomy  has  its  limits,  notwith- 
standing, anr]  these  limits  were  admitted  and  defined  by  the 
Great  Master  himself. 

"  It  was  not  to  be  expected  that  a  mine  of  knowledge  such 
as  was  discovered  and  first  worked  by  the  great  Cuvier,  should 
continue  to  be  explored  by  so  many  vigorous  hands,  and  that 
all  should  go  smoothly  with  the  labourers :  difficulties  soon 
appeared,  and  they  increased  so  rapidly  in  number  and  in 
strength,  as  to  cloud  with  anxiety  for  the  fate  of  his  great 
discovery  the  mind  of  the  immortal  author  of  the  Ossemens 
Fossiles.  It  seemed  as  if  he  were  about  to  survive  his  own 
vast  reputation.  So  seemingly  unimportant  a  question  as  the 
influence  of  domestication  over  animal  life  embarrassed  the 
great  anatomist.  The  anatomical  element  of  inquiry  having 
failed  in  establishing  specific  distinctions  in  the  various  oxen 
which  ornament  the  cultivated  eaHh,  Cuvier  was  forced  to 
imagine  them  to  be  like  the  dog,  of  one  species ;  Goethe,  the 
transcendentalist,  starting  from  a  higher  point  of  view,  had 
arrived  at  the  same  conclusion.  *  The  infinite  varieties  of  the 
domestic  ox,*  observed  the  sublime  author  of  Fatist,  'are 
simply  the  gift  to  man  of  domesticity  acting  through  millions 
of  years.*  Such  also  was  Cuvier*s  opinion,  omitting  the 
'millions  of  years.*  What  his  real  opinions  were  on  the 
influence  of  time  and  circumstances  he  never,  so  far  as  I  know, 
communicated  to  any  one.  The  monumental  records  of  Egypt, 
depicting  man  then  as  he  is  now,  after  the  lapse  of  at  least 
four  thousand  years,  were  perfectly  well  known  to  him.  Still 
greater  difficulties  he  prudently  passed  by,  without  a  passing 
notice.  And  yet  his  great  discovery  laid  the  foundation  of 
Geology,  Palaeontology,  and  a  true  history  of  life  on  the 
globe.     Before  him  these  sciences  could  not  be  said  to  exist. 

"  Prior  to  this  eventful  scientific  era,  the  German  school  of 
philosophic  anatomists  had  made  an  advance  towards  the 
same  object,  but  from  a  different  point  of  view.  Anatomy 
was  still  the  element  of  research  which  they  employed,  but  it 
was  the  anatomy  of  the  embryo.  At  the  head  of  this  school 
was  the  justly-celebrated  Goethe, — poet,  philosopher,  natu- 
ralist, mathematician ;  his  genius  seemed  universal.  He  it 
was  who  first  distinctly  formuled  the  law  of  unity  of  the 
organization  in  all  that  lives  or  has  lived.  The  doctrine  of 
*  arrest  of  development*  came  soon  after  into  vogue,  chiefly 
through  Meckel  and  the  German  schools  of  anatomists,- 
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doctrine  based  on  a  superficial  and  a  somewhat  incorrect 
application  of  facts,  curious  and  imjiffrtant  in  themselves ;  to 
this  at  last  were  added  the  Teratologic  of  Etienne  Gleoflfroy 
(St.  Hilaire)  and  the  serial  unity  of  De  Blainville. 

"  Believing  the  transcendental  in  Anatomy  to  be  the  only 
instrument  of  research  at  present  known  by  which  a  correct 
basis  can  be  laid  for  the  philosophy  of  Zoology,  I  have 
never  ceased  to  study  and  teach  it  since  the  period  (1811) 
when  it  first  became  known  to  me.  To  the  writings  of 
Vicq.  d'Azyr  I  am  indebted  for  the  first  hints  of  its  existence. 
Biassed  in  favour  of  descriptive  anatomy,  I  have  ever  objected 
t-o  the  too  hasty  adoption  of  extreme  trahscendental  views, 
holding  it  to  be  a  true  maxim  in  science,  as  well  as  in  social 
life,  that  the  change  or  step  in  advance,  in  order  to  be  certain 
and  trustworthy,  must  ever  be  made  with  caution,  and,  if 
possible,  supported  by  the  demonstration  of  physical  materials ; 
or,  in  other  words,  tne  thought  which  genius  submits  to  the 
world  as  an  idea  must  become  a  physical  demonstration  before 
the  world  can  fairly  be  called  on  to  admit  its  truth.  This  is 
the  view  I  take  in  the  following  Memoirs,*  in  some  of  which 
it  is  my  intention  to  apply  the  transcendental  to  Natural 
History,  as  a  preliminary  to  my  inquiry  into  the  natural 
history  of  man.  The  true  relation  of  species  or  race  to  genus 
or  natural  family  seemed  to  me  to  present  a  favourable  mode 
of  testing  the  value  of  the  transcendental,  not  with  any  idea 
of  testing  its  truth, — that  has  been  settled  long  ago,— out  of 
ascertaining  its  practical  value  as  an  instrument  of  research. 
The  true  relation  of  race  to  natural  family  being  first  dis- 
covered, it  will  then  be  time  enough  to  apply  the  transcen- 
dental to  the  relation  presumed  to  subsist  between  natural 
families,  and,  lastly,  between  these  and  the  universal  pri-. 
m^val  life  of  the  organic  world  of  this  globe. 

*'  In  selecting  the  natural  family  of  the  Salmonidse  as  a  sub- 
ject of  research,  I  have  been  guided  by  several  considerations  : 
I  had  already  made  them  the  subject  of  extended  research,  and 
their  external  characters  offered  favourable  points  of  view  for 
such  an  inquiry.  It  is  chiefly  to  the  exterior  that  I  give  my 
attention  in  the  present  Memoirs ;  the  interior  will  foUow.  I 
commenced  with  the  dentition,  that  natural-history  character 
to  which  all,  whether  naturalists  or  anatomists,  ascribe  such 
importance ;  next  followed  a  brief  inquiry  into  the  systems  of 
coloration  and  proportion.     To  all  these  the  transcendental 

*  Fablished  in  the  ZoologUt.    Yaa  Yoorst.   London. 
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applies,  or  ought  to  apply,  if  true.  That  it  is  true*  as  a 
theory  I  have  not  a  diubt  myself,  however  I  may  fail  in 
proving  it  to  the  satisfaction  of  others.  My  immediate  object 
is  to  prove  the  existence  of  a  generic  animal,  the  product,  no 
doubt,  of  hereditary  descent  from  a  species,  but  in  itself  in- 
cluding the  characteristics  of  all  the  species  belonging  to  that 
natural  family ;  or,  in  other  terms,  proving  hereditary  descent 
to  have  a  relation  primarily  to  genus  or  natural  family.  By 
this  term  I  endeavour  to  explain  family  likenesses  com- 
mingling with  the  generic ;  the  greater  or  less  resemblance, 
for  example,  of  an  individual  with  other  affiliated  races,  to  none 
of  which  it  belongs  by  strict  hereditary  descent.  My  ulti- 
mate aim  is  to  offer  a  scientific  explanation  of  the  appearance, 
from  time  to  time,  of  seemingly  new  species  on  the  earth, 
and  of  the  extinction  of  others,  thus  restoring  to  legitimate 
science  that  branch  of  philosophy  which  the  theory  of  suc- 
cessive creations,  invented  by  Cuvier  and  still  maintained  by 
his  followers,  had  clearly  removed  from  it.  To  prove  the 
unity  of  the  organization,  the  unity  of  creation,  and  the  serial 
unity  of  all  that  lives  or  has  ever  lived,  foi*ms  the  aim  of  the 
first  part  of  this  inquiry. 

"  Probably  no  class  of  animals  presents  so  many  subjects  for 
deep  contemplation  to  the  philosophic  naturalist  as  the  class 
fishes.  They  have  furnished  the  chief  materials  for  the  tran- 
scendental anatomy  of  the  skeleton;  in  the  history  of  the 
branchial  arches  we  have  the  refutation  of  the  '  arrest  of  de- 
velopment' theory;  in  the  external  characters  of  the  young 
salmon  we  have  the  proofs  that  in  the  young  of  any  of  the 
family  of  the  salmonidae  we  may  find  the  types  of  all  the  adult 
species  of  the  family,  thus  rendering  doubtful  the  theory  of 
the  transmutation  of  species,  and  offering  the  only  probable 
solution  of  the  most  difficult  of  all  questions — ^the  appearance 
of  new  species  and  even  genera  on  the  surface  of  the  globe. 
Lastly,  it  is  in  the  same  class,  fishes,  that  we  find  most  dis- 
tinctly, specialisations  recalling  the  antique  forms  of  animals 
which  have  long  ceased  to  be.  In  the  metamorphosis  of  the 
young  salmon,  the  fins  have  at  first  forms  which  belong  to 
extinct  species;  next  a  dentition,  so  perfect,  so  complete,  as 
to  embrace  the  adult  formulae  of  all  existing  species  of  the 
family,  so  that  to  convert  the  dentition  of  one  species  into 
another,  nothing  is  ever  added,  but  merely  a  something  left 
out.  Contrary,  then,  to  the  theories  of  those  who  maintain 
that  the  adidt  alone  is  perfectf  we  find  that  it  is  the  young 
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which,  typifying  the  genus,  is  entitled  to  that  character. 
Lastly,  it  is  in  them  that  a  portion  of  the  nervous  system 
acquires  a  development  equal  to  the  production  of  electricity ; 
and  in  certain  of  the  class  it  is  that  we  find  the  remains  of  a 
skeleton,  the  tegumentary,  which  in  the  extinct  world  pre- 
vailed to  an  extent  of  which  we  now  can  scarcely  form  an  idea. 

"  In  the  ganoid  or  mailed  extinct  fishes,  the  skeleton  which, 
from  its  connexion  with  the  skin,  may  be  called  tegumentary 
or  dermoid  (but  to  which  probably  the  more  appropriate  nam^ 
of  neuro-skeleton,  as  protecting  the  extremities  of  the  nervous 
papillae  might  be  better  applied),  reached  its  highest  develop- 
ment as  regards  the  class  fishes;  in  the  present  or  living 
zoology,  only  two  genera  of  fishes  exhibit  a  similar  arrange- 
ment of  the  tegumentary  skeleton,  namely,  the  lepidosteus  of 
the  Ohio,  and  the  polypterus  of  the  Nile.  In  the  sturgeon  we 
find  a  very  complete  tegumentary  skeleton,  but  not  arranged 
in  the  admirable  mechanical  manner  of  the  extinct  ganoid 
fishes."— R.  K.] 


Second  Pbimabt  Division. 

THE  ANNELIDES  OR  ENTOMOZOARTA. 

§  507.  The  animals  composing  this  division  are  so  distinct 
from  the  preceding  as  to  be  recognised  at  a  glance.  Their 
bodies,  in  fact,  are  composed  of  segment-like  rings,  placed  in 
a  file  behind  each  other.  In  some,  this  annulated  appearance 
is  confined  to  the  existence  of  a  certain  number  of  transverse 
folds  grooving  the  skin  and  engirdling  the  body,  but  in  most 
the  animal  is  enclosed  in  a  sort  of  solid  armour,  composed  of 
a  series  of  rings  united  to  each  other,  or  so  articulated  as  to 
admit  of  motion.  This  armour  serves  the  purpose  in  some 
measure  of  a  skeleton,  for  it  determines  the  general  form  of 
the  body,  protects  the  soft  parts,  ofiers  points  of  attachment 
for  the  muscles,  and  performs  the  office  of  levers :  thus,  it  is 
often  called  an  external  skeleton.  But  it  must  not  be  for- 
gotten that  it  is  merely  the  skin  hardened  and  become  rigid, 
or  even  encrusted  with  a  calcareous  epidermis,  and  thus  is, 
at  most,  a  tegumentary  skeleton. 

§  508.  In  certain  of  the  articulata  or  annelides,  as  in  the 
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Bcolopendra  (Fig.  141),  the  rin^  strictly  resemble  each  other ; 
and  this  tendency  to  repetition  is  worthy  of  observation. 
Each  ring  may  carry  two  pairs  of  appendages  or  limbs,  one 
belonging  to  its  dorsal  arch  or  upper  portion  (Fig.  335),  the 
other  to  the  lower  or  ventral;  and  when  these  appendages 
happen  to  be  but  little  developed,  all  the  rings  are,  in  fact, 
provided  with  limbs.  But  in  general  the  appendages  of  cer- 
tain rings  acquire  a  large  development,  as  if  at  the  expense 
of  the  others,  which  in  this  case  remain  rudimentary.  It 
almost  always  happens  that  it  is  the  lower  appendages  which 
are  thus  developed,  and  which  assume  varied  forms,  according 
as  the  animal  is  higher  or  lower  in  the  scale.  Differently 
modified,  they  form  the  antennsB,  the  various  organs  of  mas- 
Dorsal  Arch.  Dorsal  Oar,  or  Swimming  Paw. 


Cirrbi. 


Feet. 


SetxB. 


Ventral  Arch.    Ventral  Oar  or  Paw. 

Fig.  335. — Vertical  Section  of  a  Ring  or  Segment  of  the  Body 
of  an  Annelide  of  the  genus  Amphinome. 

tication,the  feet,  fins,  &c.  (Figs.  122, 123).  Sometimes  the  upper 
appendages  remain  and  perform,  like  those  of  the  inferior  arch, 
the  office  of  feet :  various  annelides  offer  examples  of  this  ;  but 
generally  they  exist  merely  on  the  rings  situated  towards  the 
middle  of  the  body,  and  they  constitute  the  wings,  or  organs 
held  as  analogous  to  them.  The  feet  (pattea)  are  generally  three, 
four,  five,  or  seven  pairs  in  number,  but  occasionally  they  are 
in  hundreds,  and  sometimes  altogether  absent ;  in  that  case, 
they  seem  to  be  represented  by  coarse  hairs  in  bundles,  as 
may  be  seen  in  earth-worms. 

§  509.  The  tendency  to  repetition,  so  remarkable  in  the 
tegumentary  skeleton  of  the  annelides,  extends  to  the  muscles, 
nervous  system,  and  others.  In  general  each  segment  has  a 
pair  of  nervous  ganglions ;  all  these  are  united  to  each  other 
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by  &  double  chun  of  communicftting 
filaments  occupying  the  median  line 
of  the  body  near  its  ventral  aapnct  (Fi^. 
139).  In  most  of  tlie  inferior  arti- 
culated animalB,  and  in  the  more 
elevated,  but  whose  development 
is  not  finished,  these  gangiions  are 
almost  all  equal,  and  form,  thus  con- 
nected tj^ether,  two  chains  resem- 
bling knotted  cords  from  one  end  of  the 
body  to  the  other  (Pig.  336);  but,  as 
we  ascend  in  the  scale,  we  find  a  dis- 
position in  these  ganglions  to  a  fusion, 
m  the  lat(!ral  and  longitudinal  sense 
(Fig.  337),  so  as  to  form  a  mass.  In 
crabs,  this  eentraliiation  is  carried 
BO  far  as  to  form  but  two  nervous 
masses  for  all  the  rings  or  segments 
of  the  body,  —  one  situated  in  the 
head,  the  other  in  the  thorax  j  but 
even  m  this  case  the  nervous  Mllar 
encircling  the  gullet  is  always  fonnd, 
so  that  two  such  masses  seem  the 
maximum  uf  nervous  fusion.  In  the 
moliusca  we  also  find  the  nervous 
wJlar ;  but  the  ventral  or  post-osso- 
phageal  gangliooary  portion  is  com- 
posed in  them  only  of  one  or  two  pairs 
of  ganglions  situated  on  the  median 
line  of  the  body ;  whilst  in  the  anne- 
lides  we  find  a  long  series  of  ventral  ' 
ganglions ;  and  when  we  find  in  this 
part   of   the   body   merely  a    single 


■  SphiDi  of  tie  privet :  a,  cephalic  i^Dgliona,  or  brain,  sitobt^d  before 
ig  the  flrat  p&ir  of  gmiglioDH  wifh  tl 


gnllet,  uvl  giviog  origin  to  tb«  optic  ucttcb,  &c.  ;  b,  oervoua  corda  of  cc 


their  courie  encircliDg  the  gullet  ^  c,  Ant  pair  of  poat-tfaopbAffPlO  ganglioDB 
Bitoated  bebind  the  mouth;  iJ,  gaoglionB  <rTlhc  tirat  ring,  oriegroeDt  of  thfl 
tborsi ;  >,  nervous  msBB  formed  h;  ihe  gungliona  of  tlis  lecond  And  third 
thoracic  rings : /,  aiitb  pur  of  abdomioal  gingliooa (  *,  the  month;  i,  the 
probosciB ;  J,  the  gullet  j  jt,  Iheatomacb;  (,  the  iDt«BtiDe  and  biliary  vesBela ; 
H,  large  ioleatine;  D.tlieaiiua^  d,  feet  uf  tbe  first  pur  ^  p.feetoftbegecoDd 
pair;  g,  feet  ofthe  third  pair;  r,  first  pair  of  nienibranoua  feet  of  the  Urrs ; 
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nervoQs  mass,  we  know  well  that  it  is  the  result  of  a  fusion 
of  several  ganglions. 

Anatomists  find  in  the  cephalic  ganglions  the  analogues  of 
the  brain,  and  in  the  knotted  cord  of  insects  the  spinal  mar- 
row of  the  vertebrata ;  but  such  views  are  questionable,  and 
if  any  analogy  existed,  it  would  rather  be  found  in  the  gan- 
glions situated  on  the  posterior  roots  of  the  spinal  nerves. 

§  510.  In  respect  of  the  nervous  and  locomotor  systems, 
the  annelides  stand  higher  than  the  mollusca;  but,  as  regards 
the  functions  of  vegetative  life,  their  circulatory  system  is 
less  complete,  and  is  occasionally  altogether  absent.  In  gene- 
ral their  blood  is  white,  but  not  in  all,  and  this  difference 
seems  not  much  to  affect  them.     Their  mode  of  respiration 


n  I  9  Q  P  o  * 

Fig.  337.— Anatomy  of  the  Butterfly  Sphinx.* 

varies ;  their  digestive  tube  extends  from  one  extremity  of  the 
body  to  the  other;  the  mouth  is  placed  in  the  head,  and 
the  anus  at  the  other  extremity.  Finally,  there  exist  almost 
always  jaws,  or  at  least  particular  instruments  for  the  pre- 
hension of  the  food,  and  these  organs  are  always  disposed  late- 
rally, in  pairs,  instead  of  vertically,  and  before  each  other,  as 
in  the  vertebrata. 

This  primary  division  is  subdivided  into  two  groups :  first, 
articulated  animals,  properly  so  called;  second,  vermes  or 
worms.  In  these  there  are  no  limbs,  or  at  least  they  are 
represented  merely  by  tubercles  furnished  with  hairs  (seti- 
gerous),  and  the  organs  of  generation  are  so  degraded  as  to 
become  at  last  extremely  imperfect. 

*  The  different  parts  are  inJl.'cated  by  the  same  letters  as  in  the  preceding 
figure. 
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ANTHROPODARIA  OR  ARTICULATED  ANIMALS, 

PEOPEELT   80   CALLED. 

§  611.  Articulated  animals  owe  their  superiority  to  the 
class  vermes  to  the  superior  development  of  their  nervous  and 
locomotive  systems,  and  to  the  more  complete  localization  of 
their  organs.  Some  of  these  characteristic  differences  have 
been  already  pointed  out  (§  380).  The  following  synoptic 
table  may  therefore  suffice  torecal  certain  of  the  characters 
peculiar  to  the  various  groups. 

▲BTicuLATSB  AiTiMALS,  properly  so  called. 


I    A  head  distinct 
/from  the   thorax,  ( 
I  furnished  with  an- 


Aerian  respira- !*®'*°»- 
tion  by  tracheae  or^ 
pohnonary  sacs. 


/  Body  composed  of  ^ 
'  three  distinct  por- 
tions, head,  thorax, 
and  abdomen;  three 
pairs  of  feet :  gene- 
raUy  wings. 

No  distinction  be- 
tween the  thorax  and 
abdomen  j  twenty- 
four  pairs  of  feet  or 
^more ;  no  wings. 


Insects. 


■  Myriapoda. 


Head  not  distinct  from  the  thorax ;  no ")  a  raeliiudM 
antennee.  y    racnmaes. 


Uon^^brSS:}     Ing«.eralflye<.T»«.pair,offe.t. 


Crustacea. 
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§  512.  To  the  definition  given  of  this  class  of  animals  in 
the  subjoined  synoptic  table,  we  have  only  to  add,  that  they 
have  no  vascular  system  properly  so  called,  and  that  nearly 
always  they  undergo  metamorphoses  when  young.  They  are 
the  only  invertebrate  animals  organized  for  flight. 

§  513.  The  tegumentary  skeleton  of  insects,  that  is,  the 
hardened  integuments,  preserves  sometimes  a  certain  flexi- 

B  B 


bility  '"'^  ^^  generally  a  consistence  resembling  horn.  It 
ii  DOt  hornj,  however.  A  sabstence  called  cAiline  forma  the 
base.  It  is  composed  of  several  pieces,  bo  uoited  as  to  admit 
of  motion. 

The  body,  sa  already  described,  is  compoBed  of  rings  or 
s^^enta  placed  in  a  pile ;  and  in  this  series  of  BegmentB  three 
portionB  are  distinguiuhed, — the  kead,  thorax,  and  abdomen. 


Limb*  of  the 
Second  Pur. 


The  members  or  appendages  connected  with  these  different 
rinr^  have  a  structure  anaiogoua  to  the  trunk  of  the  animal ; 
they  are  composed  in  faf.t  of  solid  tubea  or  horn;  plates,  en- 
closing in  their  interior,  muscles  and  nerves  intended  to  move 
them. 

The  head  is  formed  of  a  sbgle  segment,  and  carries  the 
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eyes,  antennte,  and  appendagea  of  the  mouth.  The  unternife 
ctinetitute  the  firat  pair  of  the  members  or  appendages  of 
insectR.and  are  composed  of  a  number  of  joints  placed  one  be- 
fore the  other.  They  arise  from  the  anterior  or  superior  part 
of  the  head,  and  affect  in  general  the  form  of  flexible  slender 


Fig.  389.— Capricorn  of  IheAlpi.  Fig.  340,— Horoj  P»iia>u». 

horns  (a,  Fig.  339) ;  bnt  their  conformatioa  varies,  especially 
in  the  males.  In  some  they  resemble  feathers  (Fig.  341) ; 
sometimes  saws  and  little  clubs  (Fig.  340);  and  occasionally 
they  are  fucmed  of  little  lamells,  like  the  leaTes  of  a  book 
(Fig.  343|.     Their  length  is  sometimes  very  considerable. 


bl.-SinBUBomb;i  (Pmi 


€  NuU). 


Of  their  use  nothing  is  known  for  certain ;  but  they  may 
serve  for  tact  or  even  audition. 

Three  pairs  of  other  appendages  arise  from  the  lower  part 
of  the  head,  constituting  organs  of  mastication  or  suction. 
We  shaJl  return  to  these  when  speaking  of  digestion  (§  521 
and  522). 
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§  514.  The  thorax  of  insects  occupies  the  middle  portion 
of  the  body,  and  carries  limbs  and  wings.  It  is  always  com- 
posed of  three  circles  or  rings,  named  prothorcuc,  mego- 
thorax,  and  metathorax  (a  h  c,  Fig.  338) ;  and  it  is  to  the 
ventral  arch  of  each  of  these  rings  that  one  of  the  pairs  of 
limbs  are  fixed.  The  wings,  on  the  contrary,  spring  from 
the  dorsal  arch  of  the  thoracic  ring^;  but  the  prothorax 
(a)  never  carries  any,  and  there  never  exists  more  than  a 
pair  of  these  appendages  on  each  of  the  two  following  rings, 
so  that  there  are  never  more  than  two  pairs. 


Fig.  342.  Notonecte.  Fig.  343.— Cricket. 

§  515.  In  the  limbs  of  insects  we  distinguish  a  haunch 

composed  of  two  joints,  a  thigh,  and  leg,  and  a  sort  of  foot 

called  tarsus,  divided  into  several  joints,  the  num- 

\         /     her  of  which  varies  from  two  to  five.   They  termi- 

^JtU      nate  in  nails.    It  may  be  readily  imagined  that  their 

^^■ft.      forms  vary  in  unison  with  the  nabits  of  the  animals. 

JH       Thus,  insects  which  have  the  hinder  limbs  long 

jHV       (Fig.  343),  leap  rather   than   walk.      In  insects 

^^^      which  swim,  such  as  the  dytiques,  the  notonectes 

344  ^   i^^S'  ^^)f  '^^^  *^6  gyrin*  commonly  called  ^ow- 

&yrin!      nimiets  (Fig.  344),  the  tarsi  are  generally  flattened, 

ciliated,  and   disposed  like   oars;    and  in  those 

which  can  walk  on  smooth  surfaces  with  the  body  suspended, 

we  find  on  the  terminal  joint  a  sucker,  by  which  they  adhere 

to  the  body  they  touch.    Sometimes,  also,  the  anterior  limbs 

are  enlarged,  as  in  moles,  to  enable  them  to  dig  into  the 

soil.     The  courtiliere  (Fi§.  345),  which  does  such  mischief 

by  cutting  the  roots  in  its  course,  is  an  example  of  this 

arrangement. 

There  are  also  species  in  which  these  same  limbs  form 


cn^ans  of  preheniiion,  the  leg  being  fleiible  and  disposed  like 
a  claw,  the  edge  being  armed  witb  spinea.  The  mantis  reli- 
giosa  (Fig.  346),  a  hxge  inaect  of  ike  south  of  France,  is 
armed  in  this  way. 

Finally,  there  are  inaects  (several  diurnal  butterflies.  Fig. 
347)  in  which  the  anterior  limbs  are  so  small  or  rudimenta^ 
as  to  escape  notice,  as  if  they  had  only  four  pair  of  limbs. 


Fig,  345.— Courtiliete. 

§  516.  The  wings  of  insects  are  laminated  appendages, 
compoaed  of  a  doable  membrane,  supported  internally  by 
more  solid  "  uervurea."  When  scarcely  developed,  th^  are 
soft  and  flexible ;  but  they  soon  dry,  and  become  atifT  and 
elastic.  There  are  never  more  than  two  pairs,  sometimes 
only  one,  and  they  vary  in  form;  they  always  spring  from 


the  last  two  rings  of  the  thorai.  When  they  really  serve  for 
flight  they  are  tnic,  translucent,  and  covered  with  microscopic 
scales  like  dust,  as  is  seen  in  butterflies;  but  the  anterior 
wings  often  become  hard  and  opaque,  and  becoming  useless 
as  wings  form  elvtra,  i.  e.,  protecting  sheaths  for  the  others 
(a.  Fig.  348).     At  other  times  these  same  wings,  still  mem- 
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branous  towards  their  eitremitjea,  become  hard  and  opaque  at 
their  base,  and  ar«  then  called  aemi-el^lra. 

There  are  insects  in  which  the  win^,  instead  of  being 
laminated,  are  cletl  into  a  number  of  membranes,  barbed  on 
tbe  edges  like  feathers,  disposed  like  a  fan.     This  maj  be 


Keen  in  the  genas  pterophore  and  omeode  (Fig.  349). 
Finally,  when  the  posterior  wings  are  wanting,  Uiej  are 
nsuall;  replaced  by  two  small  moveable  111  amenta,  terminated 
like  a  dab,  and  named  balances  (Fig.  350). 


§  617.  Tlie  abdomen  of  insects  is  composed  of  a  consider- 
able namber  of  rings,  moveable  on  each  other.  As  many  as 
nine  may  be  counted,  and  when  there  are  fewer  it  seems  as  if 
sonie  had  beoome  fused.    In  the  perfect  insect,  these  rings  or 
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segments  have  neither  winps  nor  Umbs ;  but  those  OMUpjing 
the  posterior  eitremity  ot'Qie  body  give  origin  to  appendages 
Taiying  both  in  form  and  size.  Sometimes  they  are  simple 
hairs  or  stylets,  whose  functiona  are  not  well  known,  tm  in 
the  ephemera,  for  eiample  (Fig.  376).  Sometimes  these 
organs  affect  the  form  of  hooks,  and  constitute  more  or  less 


Fig.  360.— Cooops, 
powerful  forceps,  aa  in  the  forficule  or  earwig  (Fig.  351). 
Sometimes  they  answer  the  purpose  of  a  spring,  to  enable  the 
animal  to  move  forward,  as  in  the  podurelle  (Fig.  362), 
small  insects,  which  in  onr  climate  mnceal  themselves  under 
the  stones,  or  float  to  the  snrfkce  of  stagnant  waters,  and 


Pig.  Ml.— ForflcnlB.  Fig.  3Sa.— Podurelle. 

which  are  sdmetimes  found  under  the  snow  in  the  coldest 
regions  of  the  globe.  Finally,  these  abdominsl  appendages 
have  at  other  times  a  more  complex  structure,  and  form  an 
offensive   weapon,   as  in   bees   and  wasps,  or  an  apparatus 
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destined  to  Hecure  a  dep6t  for  the  eggs  of  the  insect  in.  a 
place  adapted  for  the  development  of  the  young.  The  sting 
of  the  wasp  and  bee  is  formed  of  two  sharp  stylets,  lodged  in 
a  horny  stalk  or  sheath,  having  each  a  furrow,  along  which 
flows  the  poison  secreted  in  a  small  gland  situated  close  to  it. 
In  the  state  of  repose,  the  whole  apparatus  is  drawn  within 
the  body  of  the  animal ;  but  when  the  insect  wishes  to  use  it, 
the  sheath  is  protruded,  and  along  with  the  sting  is  driven 
into  the  skin  of  its  enemy.  Sometimes  it  is  impossible  to 
withdraw  it,  and  the  whole  sting  separates  then  from  the 
body,  remaining  implanted  in  the  wound,  causing  the  speedy- 
death  of  the  insect.  The 
male  is  always  stingless, 
and  thus  can  be  handled 
without  danger;  but  the 
female  and  the  working 
bee  are  provided  with  it, 
and  its  sting  produces  a 
very  painful  inflammation. 
The  auger  of  the  foeniis 
(Fig.  353),  of  the  ichneu- 
mons, and  of  many  other  in- 
sects, has  a  somewhat  analo- 
gous arrangement ;  and  we 
remark  also,  in  general,  a 
serrated  edge,  by  which  it 
divides  the  entrails  of  the 
animal  or  the  tissue  of  the 
vegetable  in  which  it  pur- 
poses depositing  its  eggs. 
It  is  bv  piercing  in  this  manner  an  oak  of  the  Levant,  that  a 
small  msect  called  cynips  gives  rise  to  the'  formation  of  the 
gall-nut,  of  which  so  mucn  use  is  made  in  the  fabrication  of 
ink  and  in  the  preparation  of  dark  dyes.  The  small  fissure 
produced  by  the  auger  of  the  insect  gives  rise  to  an  efhision 
of  vegetable  juices,  and  this  produces  an  excrescence,  in  the 
centre  of  which  may  be  found  the  eggs  of  the  cynips. 

§  518.  Insects  have  the  organs  of  sense  highly  developed; 
they  possess  sight,  smell,  as  well  as  tact,  taste,  and  hearing ; 
but  hitherto  the  organs  of  olfaction  and  audition  have  not 
been  discovered :  but  little  is  known  of  the  organ  of  taste. 
The  structure  of  the  eyes  differs  very  much  from  that  of  the 
higher  order  of  animals.    In  general,  the  organ  which  at 


rig.  353.— The  Foenus. 
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first  sight  appears  to  be  a  single  eye,  is  in  reality  formed  by 
the  agglomeration  of  a  number  of  small  eyes,  having  each  a 
cornea,  vitreous  humour  of  a  conical  form,  a  layer  of  colour- 
ing matter,  and  a  nervous  filament.  In  the  may-bug,  for 
example,  we  find  nine  thousand  such  in  a  single  compound 
eye,  and  there  are  insects  which  have  more  than  twenty-five 
thousand.  All  these  small  comese  are  hexagonal,  and  unite 
together  so  as  to  form  a  kind  of  common  cornea,  whose  sur- 
face presents  a  vast  number  of  facettes.  Moreover,  each  of 
these  small  constituent  parts  of  these  multiple  or  compound 
organs  is  quite  distinct  from  those  around  it,  and  forms  with 
them  a  bnadle  of  tubes,  each  terminating  in  a  nervous 
filament,  proceeding  firom  the  terminal  enlargement  of  the 
same  optic  nerve.  Almost  all  insects  have  a  pair  of  these 
compound  eyes ;  but  they  are  sometimes  replaced  by  simple 
eyes,  and  at  other  times  both  sorts  are  present.  The  simple 
eyes,  also  called  stemmata,  have  the  greatest  analogy  with 
the  structure  of  each  of  the  elements  of  the  compound  eyes. 
In  general,  these  simple  eyes  form  a  group  of  three  on  the 
summit  of  the  head.  Nothing  precise  is  known  respecting 
the  manner  in  which  these  eyes  act  on  the  light,  nor  of  the 
mechanism  of  vision  in  insects. 

§  519.  Several  insects  have  the  power  of  producing 
sounds,  which  they  do  by  friction  of  certain  parts  of  their 
body  on  each  other,  or  they  may  depend  on  the  movements 
impressed  on  the  special  instruments  for  the  contraction  of 
the  muscles.  The  monotonous  and  deafening  sounds  of  the 
balm  cricket  or  chirping  grasshopper,  result  from  alternate 
tension  and  relaxation  of  an  elastic  membrane,  disposed  like 
the  skin  of  a  drum,  over  the  base  of  the  abdomen ;  in  crickets, 
the  sounds  are  caused  by  certain  parts  of  the  wings,  which, 
rubbing  against  each  other,  vibrate  intensely,  and  the  struc- 
ture producing  this  is  very  singular ;  but  the  buzzing  of  flies 
appears  to  depend  on  the  rapid  escape  of  the  air  through  the  tho- 
racic stigmata  during  the  violent  movements  of  flight.  Finally, 
there  are  other  insects  which  produce  sounds  b}*^  a  mode  as  yet 
unknown,  suchas  the  nocturnal  butterfly  or  death's-head  sphinx. 

§  520.  The  nervous  system  of  insects  has  been  already 
in  a  great  measure  described  (§  509).  It  is  composed  prin- 
dpalfy  of  a  double  series  of  ganglions,  reunited  Dy  longitu- 
dinal cords  (Fig.  354);  the  number  of  the  ganglions  correspond 
to  the  number  of  rings;  sometimes  equidistant,  and  extending 
from  one  end  of  the  body  to  the  other,  at  other  times  they  ap- 
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p^)Bch  each  other,  and  become  coafiisied  into  a  nervons  madg. 
The  cephalic  ganglions  are  large,  and  give  origin  to  the  nerves 
of  the  eves  and  antenoie,  &<:.     The  first  pair  of  ganglions 
behind  the  gullet  give  off  the  neives  of  the  mouth,  and  the 
longitudinal   filaments   connecting  them   with   the   cephalic 
ganglions  from  the  nervous  collar  snrronnding  the  gullet. 
Finally,   the   brain  uivee   off  on  each   side  a 
nerve,  which,  ascending  on  the  stomach  and 
unitmg  with  that  of  the  opposite  side,  consti- 
tutes a  median  nerve,  situated  above  the  di- 
gestive canal,  and  having  in  its  course  two 
ganglions.     The  three  pairs  of  ganglions  fol- 
lowing behind  the  gullet  belong  to  the  three' 
rings  of  the  thorax,  and  give  off  the  nerve  of  the 
limbs   and   wings;   generally  speakiiig,   thej 
arevery  neareach  other,andmuch  lai^erthan 
the  following  pairs,  which  belong  to  the  ab- 
domen. 

§  521.  Insects  vary  much  in  their  mode 
of  nourishment,  some  living  on  the  juice  of 
plants,  whilst  others   feed  on  solid   aliments, 
aifd  are  either  carnivorous  orphytophagous ;  and 
these  differences  CDrrespond  to  a   remsrkabie 
modification  in  the   structure   of  the   mouth. 
In  the  grinding  insects,  such  as  the  scarabei, 
the  may-bug,  the  blatta  (Fig.  3S5),  the  grass- 
hoppers, the  opening  of  the  mouth  is  fiimished 
anteriorly  with  a  median  piece  called  labium, 
or  upper  lip  (a.  Fig.  356),   and  presents  on 
each  side  abind  of  large  moveable  tooth,  veir 
Fig.  S64.        hard,  and  called  mandihle  [b.  Fig.  366),  which 
serves  to  divide  the  food.    Immrfiately  behind 
these  are  the  more  complex  jaws(c!.  Fig.  35<t).  Each  of  these  last 
organs  offers  besides  a  plate  or  a  cylinder,  more  or  less  hard, 
armed  with  small  teeth  or  hairs,  and  carries  on  ite  outer  side 
oneortwo  small  stalks  composed  of  several  joints,  called  max- 
illa^ palpi.     Finally,  behind  the  jaws  is  a  second  pair  of  ap- 
pendages, whose  base  is  supported  by  a  median  homy  piectj, 
called  the  chin  {d) ;  these  appendages  constitute  tlie  lauguctte 
or  little  tongue.     They  are  applied  against  the  jaws  as  those 
are  themselves  applied  against  the  mandibles ;  there  exists  be- 
sides a  pair  of  articulated  and  moveable  filaments  called  labial 
palpi,  because  the  name  of  lower  lip  is  usually  ^ven  te  the  chin 


inited  to  the  laoguette.    These  different  parts  vary  sccord- 


ine  to  the  natnre  and  consistence  of  the  food.   The  palpi  serve 
priunpally  t«  seize  the  tbod 
and  to  hold  it  between  the 
mandibles  whilst  they  di- 
vide  it.      Sometimes   the 

developmert,  forming  a 
sort  of  forceps  in  front  of 
the  head;  this  arrange- 
ment is  very  rem  ark  able 
in  the  heron  beetle  (Fig. 
S57),  and  in  the  other  spe- 
cies of  the  genus  lucanus. 
§522.  For  sucking  in- 
struments the  jaws  and 
the  labium  become  elon- 
gated, so  as  to  form  a 
kind  of  tubular  proboscis, 
in  the  interior  of  which 
there  are  often  delicate 
filaments,  performing  the 
fiinctions  of  little  lancets, 
and  formed  of  the  man- 
dible and  jaws,  eitremely  Fig.  asT.-Lncsno.  MeOdUcM. 

modified. 

dibles  J /,  jawB  i  fl,  ^tUe  tongue  i  *,  labisi  pslpi. 


In  beee,  in  the  anthophora,  the  bourdon  or  solitarv  bee, 
and  other  iiiaecta,  called  bj  zoologists  hytoenoptera,  the  buccal 
apparatus  preseiita  a  dispo^tion  in  some  measure  intermediate 
between  these  two  extremes.  The  upper  lip  (a,  Pig.  359) 
and  the  mandibles  (i)  greatly  reaemWe  those  of  the  grinding 
insecta  ;  but  the  jaws  (c)  and  the  languette  {d)  are  extremely 
elongated,  and  the  first  assume  a  tubular  form  longitudinal];, 
encaxing  the  sides  of  the  languctte,  so  that  these  organs, 
reunited  into  bundles,  form  a  proboacia,  serving  to  conduct 
the  food,  always  soft  and  liquid,  on  wbi(^  tiiese  insects  live. 
This  proboscis  is  moreable  at  ite  base,  and  flexible  throughout 


LAteTt\Labet  at  lit 
Littlfl  ToDgQ«. 


Fig.  3£a.— Hesd  of  the  Anthophora  BetDU,  or  Wild  Bee. 

the  rest  of  its  extent,  but  it  is  never  rolled  up,  as  we  see  in 
the  butterfly.  WiUi  regard  to  the  mandibles,  they  serve 
chiefly  to  cut  the  materials  with  which  the  hymenoptera 
make  their  nest,  or  to  seize  and  put  to  death  the  prey  of 
which  these  insects  suck  the  jaicea.  It  has  been  remarked 
also,  that  there  exist  in  the  interior  of  the  mouth  other  solid 
pieces  which  are  absent  in  the  grinding  insects,  and  which 
constitute  valvules  intended  to  close  the  pharynx  evM-y  time 
that  deglutition  does  not  take  place. 

g  623.  In  the  wood-bu^,  the  chirping  rrasshopper,  the 
vine-ii*tt«r,  and  other  hemipterous  insects,  me  apparatus  of 
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suction  is  composed  of  the  same  elements,  but  a  little  dif- 
ferently arranffed.  The  mouth  is  armed  with  a  tubular  and 
cylindncal  biO  or  beak,  directed 
downwards  and  backwards  (Fig. 
360),  and  composed  of  a  sheath 
enclosing  four  stjlets ;  the  sheath 
(a,  Fig.  361)  is  m  its  turn  formed       //  I  |j|      QoiD 

of  four  joints,  placed  end  to  end, 
and  represents  the  lower  lip; 
finally,  the  stylets  {b  c),  which 
have  the  form  of  slender  filaments, 
stiff  and  serrated  at  their  sum- 
mit, to  enable  them  to  pierce  the 
skin  of  animals  or  the  tissues  of 
plants,  are  the  representatives  of 
the  mandibles  and  jaws,  ex- 
tremely elongated.  In  the  hemip- 
tera  which  live  at  the  expense 
of  animals,  the  bill  is  in  general  pjg^  359 

very  strong,  and  folded  mto   a 

semicircle  under  the  head.   In  those  which  are  nourished  on  the 
juices   of  vegetables,  it  is,  on  the  contrary,  almost  always 


--  b 


Fig.  360.— The  Wood-Bug. 


Fig.  361.— Buccal  Apparatus  of  a 
HemipterouB  insect. 


slender,  and  applied  in  repose  against  the  inferior  surface 
of  the  thorax  between  the  limbs.     Its  length  is  sometimes 
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SO  considerable  that  it  passes  backwards  beyond  the  posterior 
extremity  of  the  abdomen. 

In  the  flies  the  proboscis,  sometimes  soft  and  retractile,  some- 
times horny  and  elongated,  represents  also  the  lower  lip,  and 

often  carries  feelers  on  its 
basis;  a  longitudinal  groove 
occupies  the  superior  sur- 
face and  lodges  the  stylets, 
whose  number  varies  from 
two  to  six,  and  whose  ana- 
logues in  the  bruising  or 
grindinginsects  are  the  man- 
dibles, the  jaws,  and  the 
languette  or  little  tongue. 
Sometimes  this  proboscis  ac- 
,quires  an  enormous  length 
(Fig.  362),  sometimes,  on 
the  contrary,  it  is  scarcely 
visible. 

§  524  Finally,  in  the 
butterflies  (Fig.  364),  which 
are  also  nourished  on  liquid 
substances,  but  which  are 
found  at  the  bottom  of 
flowers,  and  which  have  no 
occasion  for  cutting  or  pierc- 
ing instruments  to  obtain 
them,  there  no  longer  exist 
stylets  performing  the  ftmc- 
tions  of  lancets,  as  in  the 
preceding,  and  the  mouth  is 
furnished  with  a  long  pro- 
boscis (c  d.  Fig.  363),  rolled 
into  a  spiral,  and  composed 
of  two  filaments,  hollowed 
into  a  gi'oove  on  their 
inner  surface,  which  are 
nothing  but  jaws  extremely 
elongated  and  modified  in  their  shape.  At  the  base  of  this 
proboscis  we  distinguish  anteriorly  a  small  membranous 
piece,  which  is  the  representative  of  the  labium  or  lip, 
and  on  each  side  a  small  tubercle,  the  last  vestige  of  the 
mandibles.      We   observe   also  here  the  rudiments  of  the 


Fig.  362. — Nemestrina  loDgirostris. 
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maxillary  palpi,  and  behmd  is  found  a  small  triangular 
lip  carrying  two  very  large  labial  palpi,  compoaed  of  three 
joints,  and  almost  always  velvety  and  covered  witli  scales  (e). 
§  S'ib.  The  alimentary  ciuim  presents  in  general  a  saf- 
ficiently  complex  itrui^ttire ;  sometimes  it  \a  straight,  and  offers 
pretty  nearly  the  Mtme  diameter  tliroughout  its  whole  length; 
but  in  general  it  is  nuire  or  less  fleiuoua,  and  has  Beveral 
successive  enlar^ments  and  contractions.  We  distinguish, 
then  (Fig.  365),  a  pbar^ni,  a  gullet,  a  first  stomach  or  crop, 
a  second  stomach  or  gizzard,  whose  walla  are  muscular,  and 
olten  provided  with  bomy  parts  adapted  to  triturate  the 
food;  a  third  stomach,  called  the  chybfying  ttomach,  whose 


Fig.  3. 


Fig.  361— Morplia  H«]«i]<>i 


texture  is  soil  and  delicate;  a  small  intestine,  a  ctecum,  and 
a  rectuni.  As  in  the  superior  animala,  we  observe  a  relation 
between  the  nature  of  the  food  and  the  development  the  canal 
requires ;  in  carnivorous  insects  it  is  in  general  very  short, 
whilst  in  insects  which  are  nourished  on  vegetable  sub- 
stances it  is  in  general  very  long.  The  food  which  reaches 
it  is  imbibed  with  saliva;  the  apparatus  which  secretes  thin 
lii^uid  consists  in  a  certain  number  of  floating  tubes,  ter- 
minating sometimes  by  kinds  of  utricles,  and  communi- 
cating with  the  pburj'ux  by  excretoiy  canals.     A  multitude 


of  villoBitiee  with  which  the  chyle-forming  HomacJt  is  usn- 

allj  fumiBhed,  seem  to  serve  tor  the  Hecretion  of  a,  gastric  Juice, 

and  it  ia  also  in  this  cavity 

that   the   bile    is   poured. 

There  exieta  no  liver,  pn>- 

Eerly  speaking,  in  insects; 
ut  this  organ  is  replaced 
by  long  and  delicate  tubes, 
which  float  in  the  interior 

"  of  the  abdoraeti,  and  open 

BUperiorty  into  the  chyle- 
forming  stomach  (c,  Fig. 
365).  Those  biliary  yes- 
eels  also  take  the  place  of 
urinary  glands,  for  it  is  here 
that  the  uric  acid  ia  formed. 
By  one  of  their  extremities 
they  always  open  into  the 
chyle  -  forming  stomach, 
and  the  other  eitremity 
is  sometimes  free,  some- 
times fixed  to  the  intes- 

^  tine,  whether  near  the  first 

opening  or  iu  the  neigh- 
bourhood of  the  rectum. 
Finally,  we  still  find,  to- 
wards the  posterior  eitre- 

i  mity  of  the  intestinal  canal, 

other  secreting  organs  (e) 
serving  to  elaborate  parti- 
cular fluids  (surh  as  the 
venom  of  the  bee)  which 

<  several  inxecta  ^ect  from 

the  extremity  of  the  ahdo- 
men   when  they   are  dia- 

§  526.  It  would  ap. 
pear  that  it  is  by  simple 
imbibition  that  the  chyle 
traverses  the  walls  of  the 


Fig.  366.— Digeativs  Appao 


•  a,  h™^  csrmng  the  antennie,  iqipdibles,  ke. ;  *,  crop  ud  gitiiird  fol- 
lowed by  the  cSyle-forming  ilomuta;  o,  bilisrr  ceawtg;    d,  inuwtine;  », 
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digestive  tube,  and  mingles  with  the  blood.  This  last  liquid  is 
watery  and  colourless ;  it  is  not  enclosed  in  vessels,  and  is  found 
spread  about  in  the  interstices  which  the  organs  have  between 
them,  or  present  in  the  substance  of  their  tissue.  Insects  also 
have  no  regular  circulation.  We  perceive,  indeed,  in  certain 
parts  of  their  bodies,  currents  even  sufficiently  rapid,  but  the 
nourishing  liquid  does  not  describe  a  circle  so  as  to  return 
constantly  to  its  point  of  departure.  There  exists  in  fact,  in 
these  animals,  only  the  vestiges  of  the  circulating  apparatus 
(§  112).  We  observe  near  the  dorsal  surface  of  the  body  a 
longitudinal  tube  (Figs.  336  and  337),  which  performs  alter- 
nate movements  o£  contraction  and  of  dilatation,  analogous  to 
those  of  the  heart  in  the  superior  animals.  But  this  dorsal 
vessel  seems  to  give  off  no  branch.  The  nourishing  liquid 
penetrates  into  it  by  lateral  openings,  furnished  with  valvules 
to  prevent  its  repulse,  and  escapes  from  it  by  its  cephalic 
extremity.  Moreover,  the  motion  of  the  blood  does  not 
depend  altogether  on  this  organ,  for  there  have  been  dis- 
covered in  severajfjijsects  moveable  valvules,  whose  pulsations 
determine  in  thii  liqtiid  rapid  currents,  and  strange  to  say,  it 
is  in  the  limbs  that  this  apparatus  is  lodged. 

§  527.  The  "blood  become  venous  by  its  action  on  thf 
different  tissue^  of  the  economy,  is  thus  unable  to  reach  h 
determinate  part  of  the  body,  to  place  itself  in  contact  with 
the  oxygen,  and  thus  to  recover  its  vivifying  qualities.  If 
the  respiration  were  accomplished  in  the  ordinary  way,  by 
the  aid  of  lungs  or  by  the  external  surface  of  the  body,  it 
would  have  been  consequently  extremely  incomplete ;  but  the 
disadvantage  which  would  seem  necessarily  to  nave  resulted 
from  this  great  imperfection  in  the  so  important  function  of 
the  circulation,  does  not  in  reality  exist.  Nature  has  made 
amends  for  the  rapid  and  regular  transport  of  the  blood,  by 
conducting  the  air  itself  into  all  parts  of  the  body,  by  means 
of  a  multitude  of  canals  which  communicate  with  the  exterior, 
and  are  infinitely  ramified  in  the  substance  of  these  organs 
(Fig.  48).  ^ 

These  air-bearing  tubes,  designated,  as  we  have  already 
said  (§  133),  under  the  name  of  trachea,  present  a  complex 
structure ;  they  are  composed  generally  of  three  tunics,  of 
which  the  middle  one  is  formed  of  a  cartilaginous  filament 
rolled  into  a  spiral,  like  the  elastic  of  a  strap  (bretellej. 
Sometimes  they  are  simple,  but  at  other  times  they  present 
a  certain  number  of  large  swellings,  in  the  form  of  soft 

c  c 
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vesicles,  which  perform  the  functions  of  a  reservoir  of  air 
(Fig.  48).  The  apertures  hy  which  the  air  penetrates  into 
the  trachea  are  called  stigmata;  they  resemble  in  general  a 
small  button-hole,  but  these  often  have  valves  which  open 
and  shut  like  the  folding  or  clapper  of  a  door.    A  pair  may 

Generally  be  seen  on  the  lateral  and  upper  parts  of  each  ring ; 
ut  they  are  often  absent  in  the  last  two  segments  of  me 
thorax. 

With  regard  to  the  mechanism  by  which  the  air  is  renewed 
in  the  interior  of  this  respiratory  apparatus,  it  would  seem 
to  consist  generally  in  the  movements  of  contraction  and 
dilatation  of  the  abdomen.  Thus,  as  we  have  already  said 
elsewhere,  the  respiration  is  very  active  in  these  animals. 
They  consume  a  considerable  quantity  of  air,  compared  with 
their  bulk,  and  speedily  asphyxiate  when  deprived  of  oxygen ; 
but  when  they  are  in  this  condition  of  apparent  death,  they 


Pig.  366.— Male  Lampyris         Fig.  367.— Female  Lampyria. 
(Glow-worm). 

can  continue  so  for  a  great  length  of  time  without  losing  the 
faculty  of  returning  to  life. 

§  528.  Most  insects  produce  but  very  little  heat;  but 
some  of  these  animals  disengage,  under  certain  circimistances, 
a  sufficiency  notably  to  raise  their  temperature.  Bees  offer 
an  exan.ple  of  this,  especially  when  they  are  much  agitated 
in  their  hive ;  and  it  is  to  be  observed,  that  the  respiration 
becomes  then  very  active. 

§  629.  Another  and  a  more  remarkable  phenomenon,  and 
of  which  the  cause  is  still  unknown,  is  the  production  of 
light  observed  in  some  insects.  The  lampyris  or  glow-worm 
is  an  example  of  this,  well  known  to  all  who  frequent  the 
fields :  the  male  (Fig.  366),  which  has  wings,  is  but  little 
luminous ;  the  female  (Fig.  367),  which  has  no  wings,  and 
which  is  often  found  during  the  warm  nights  of  summer  on 
the  thickets,   spreads  around  a  very  lively  phosphorescent 
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light.  In  another  species  of  lampyris  inhabiting  Italy,  the 
individuals  of  both  sexes  ar&  at  the  same  time  winged  and 
luminous;  but  this  singular  property  is  esj^ially  remark- 
able in  cei'tain  taupins  inhabiting  the  hot  regions  of  America, 
and  which  produce,  whilst  they  vault  in  the  obscurity,  a 
natural  illuminatiou  of  the  happiest  effect ;  the  women  fre- 
quently place  them  in  their  hair  as  ornaments,  and  it  is 
asserted  that  the  Indians  make  use  of  them  to  point  out  the 
way  during  the  night.  In  one  lampyris,  the  light  comes  from 
certain  spots  situated  over  the  two  or  three  last  rings  of  the 
abdomen;  whilst  in  the  taupins  it  comes  from  analogous 
spots  over  the  prothorax  or  corslet.  It  appears  that  the 
insect  can  vary  at  will  the  intensity  of  the  phosphoric  light, 
and  that  it  is  connected  with  the  action  of  the  oxygen  upon 'a 
fatty  matter  secreted  by  the  phosphorescent  organs. 

§  530.  The  sexes  are  distmct  m  these  animals,  and  there 
exist  often  great  differences  between  the  male  and  the  female: 
the  common  lampyris  has  already  offered  us  an  example 
(Pigs.  366,  367).  Almost  all  insects  lay  eggs ;  nevertheless, 
some  are  viviparous.  There  often  exists  at  the  extremity  of 
the  abdomen  of  the  female  a  dart,  a  wimble,  or  some  other 
organ,  destined  to  form  holes  adapted  to  receive  the  eggs;  and 
by  an  admirable  instinct  the  mother  uniformly  deposits  these 
in  a  place  where  the  young  will  find  themselves  in  proximity 
with  the  food  they  require,  even  although  it  be  in  most  cases 
not  the  kind  which  the  parent  lives  on. 

In  youth,  insects  change  their  skin  several  times,  and  pre- 
sent almost  always  a  phenomenon  of  the  most  remarkable 
kind,  of  which,  however,  we  have  already  seen  an  example  in 
the  batrachia.  Most  of  them,  on  quitting  the  egg,  neither 
resemble  their  parents  nor  what  they  will  themselves  after- 
wards become,  and  undergo,  before  arriving  at  the  perfect 
state,  changes  so  considerable  as  to  constitute  a  true  meta- 
morphosis. 

In  general,  insects  pass  through  three  conditions,  quite 
distinct,  which  have  been  named  the  larva  state  or  condition 
(Fig.  368),  the  nymph  state  (Fig.  369),  and  the  perfect  state 
(Fig.  370) ;  but  the  changes  they  undergo  are  not  always 
equally  great.  Sometimes  these  changes  render  the  animal 
altogether  unrecognizable,  at  other  times  they  consist  only 
in  the  development  of  wings ;  and  these  various  degrees  of 
transformation  are  known  by  the  names  of  complete  msta- 
morphoses  or  of  semi-metamorphoses^ 

cc2 
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§  531.  Insects  which  undergo  a  complete  metamorphosis 
are  always  more  or  less  vermiform  when  they  leave  the  eg^ 
and  when  they  are  in  a  state  of  larva  (Fig.  368).  Their  body 
is  elongated,  almost  entirely  soil,  and  divided  into  moveable 
rings,  of  which  the  regular  number  is  thirteen.  Sometimes 
they  are  altogether  without  limbs ;  at  other  times  they  have 
a  variable  number  of  these  oreans,  but  whose  conformation 
ia  no  shape  resembles  that  of  the  same  parts  in  the  adult 
animal.  Almost  always  they  have  merely  simple  eves,  and 
they  are  sometimes  completely  without  any.  Finally,  their 
mouth  is  almost  always  armed  with  mandibles  and  jaws, 
whatever  be  the  conformation  which  they  assume  in  the  end ; 
and  we  often  see  the  first  of  these  organs  serve  for  locomotion 
as  well  as  for  the  prehension  of  the  food.  These  larvae  vary, 
moreover,  in  their  form,  and  are  known  sometimes  under  the 
name  of  cheville  (caterpillars) ;  sometimes,  but  erroneously, 
under  the  name  of  worms. 


Fig.  368.— CheTille  da  PapOlon  Mftohaon  (Larva  of 
the  Batter^  Machaon). 

After  having  remained  in  this  condition  during  a  longer  or 
shorter  period,  and  after  having  experienced  several  moulting s, 
their  wmgs  form  under  the  skm,  and  they  change  into  nymphs 
(chrysalids).  During  the  whole  duration  of  this  second 
period  of  their  existence,  these  singular  animals  cease  to  take 
food,  and  remain  immovable.  Sometimes  the  skin  which 
they  have  just  shed  dries  up,  and  forms  a  sort  of  oviform  case, 
in  the  interior  of  which  thev  remain  enclosed ;  sometimes  they 
are  only  covered  with  a  thin  pellicle,  which,  applied  closely 
over  their  external  organs,  follows  all  their  contours,  and 
resembles  linen,  in  which  the  insect  is  encased  or  bandaged. 
This  last  arrangement,  which  is  seen  in  the  nymphs  of  butter- 
flies or  chrysalids  (Fi^.  369),  has  obtained  for  them  the 
name  of  ptipa  or  of  maillot  * 

Before  undergoing  this  metamorphosis,  the  larva  often  pre- 
pares a  reftige,  and  shuts  itself  up  in  a  case,  which  it  makes 

*  Literally,  swaddling-clothes. 
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with  sill,  Becieted  by  glands  ansJogonB  to  the  salivary  elands, 
and  prepared  by  means  of  winders  hollowed  ont  in  its  lips. 
At  other  times  it  suspCTids  iteelf  by  means  of  filament*  (Fig. 
369),  or  conceals  itseuin  some  hole.  It  is  while  the  insect 
is  in  thia  state  of  apparent  repose  that  there  takes  place  in 
the  interior  of'ito  fcody  an  active  labour,  the  result  of  which 
is  the  complete  development  of  all  its  organization.  Its  in- 
teraal  parts  soften,  and  hy  little  and  little  assnme  the  ibrm 


Fig.  369.— OhTTulii  of  the  UtctaioD. 
which  they  are  afterwards  t«  maintain.  The  various  organs 
with  which  the  adult  animal  is  to  be  provided  become  developed 
nnder  the  envelope  concealing  them,  and  when  this  evolution 
is  finished,  it  frees  itself  of  this  kind  of  mask,  unfolds  its 
wings,  which  soon  acquire  consistence,  and  becomes  a  perfect 


Fig.  370.— Fnpillon  Uscbuon. 
§  532.  As  an  eiample  of  these  metamorphoses,  we  conld 
not  choose  a  better  than  that  of  theSomSy^co/'iAemiiSerry.- 
for  this  insect,  in  the  state  of  a  larva,  is  for  us  of  immense 
interest.  It  is  the  silkworm,  the  rearing  of  which  contributes 
so  powerfully  to  the  agricultural  prosperity  of  our  southern 
provinces,  aod  whose  piroducts  support  so  many  wealth-pro' 
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ducing  employments.  This  insect,  originally  from  the  northern 
provinces  of  China,  was  introduced  into  Enrope  only  in 
the  sixth  era.  Some  Greek  missionaries  brought  the  eggs 
to  Constantinople  during  the  reign  of  Justinian,  and  at 
the  epoch  of  the  first  Crusades  its  culture  spread  into  Sicily 
and  Italy ;  but  it  was  only  in  the  time  of  Henry  the  Fourth 
that  this  branch  of  agricultural  industry  acquired  some  im- 
portance in  our  southern  provinces,  of  which  it  forms,  at  the 
present  day,  one  of  the  prmcipal  sources  of  wealth. 

The  eggs  of  the  mulberry  bombyx  are  known  to  agricul- 
turists by  the  name  of  seed  of  the  silkworm.  When  they 
have  been  exposed  to  the  air  they  have  an  ashy-grey  tint, 
and  with  some  care  they  may  be  thus  preserved  for  a  suffi- 
ciently long  time  without  becoming  deteriorated.  In  order 
that  incubation  commence,  and  that  the  larvae  appear  or  un- 
fold themselves,  it  is  necessary  that  the  eggs  be  placed  for 
some  time  under  the  influence  of  a  temperature  of  at  least 
15°  or  16°  Cent.  (59°  Fahr.).  After  having  experienced  eight 
or  ten  days  of  increasing  heat  they  become  whitish,  and  soon 
after  the  larvae  begin  to  come  forth.  These  small  animals 
at  the  moment  of  their  birth  are  only  about  a  line  and  a 
quarter  in  length.  Their  body  (Fig.  371)  is  elongated,  cylin- 
drical, annulated,  smooth,  and  generally  of  a  greyish  colour. 
At  its  anterior  extremity  may  be  distinguished  a  head,  formed 
by  two  kinds  of  hard  scaly  caps,  on  which  may  be  remarked 
black  points,  which  are  the  eyes.  The  moutn  occupies  the 
anterior  part  of  this  head,  and  is  armed  with  strong  jaws. 
The  three  following  rings  have  each  a  pair  of  small  scaly 
limbs,  and  represent  the  thorax.  Finally,  the  abdomen  is 
very  large,  and  has  no  limbs  on  the  first  two  segments,  but 
is  furnished  posteriorly  with  five  pairs  of  fleshy  tubercles, 
which  resemble  stumps,  and  which  constitute  so  many  limbs. 
In  the  south  of  France  silkworms  are  called  magnans,  and 
hence  the  name  of  magnanerie  given  to  the  establishments 
in  which  they  are  reared.  The  first  care  they  require  after 
their  birth  is  to  separate  them  from  their  cocoons,  and  to 
place  them  on  hurdles,  where  they  find  nourishment  appro- 
priate to  their  wants.  For  this  purpose  it  is  usual  to 
cover  the  eggs  with  a  sheet  of  perforated  paper,  through 
the  holes  made  in  which  the  worms  ascend  to  reach  the  leaves 
of  the  mulberry  placed  above ;  and  it  is  when  they  are  on  the 
branches  ftLmished  with  these  leaves  that  they  are  trans- 
ported on  the  hurdles  prepared  to  serve  as  their  dwellings. 
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The  noarietmient  of  the  ailknorm  consista  in  the  lesTM  of 
the  mulberry  (Fig.  371),  and  it  ia  oongeqaently  on  the  cul- 
ture of  this  plant  that  the  poisihility  of  Tearing  these  insects 
depends.  The  white  mulberry  is  the  species  most  generally 
employed  for  this  pairose ;  it  is  a  tree  which  grows  to  the 
height  of  forty  or  fifty  feet,  and  which  gives  four  or  five 
quintala*  of  leaves,  sometimes  even  ten  or  twelve.     It  aceom- 

~ a  most  localities,  and  it  has 

en  in  the  north  of  Europe, 


hut  it  grows  nowhere  wild.  In  fact,  this  malberry-tree  is 
originally  from  China.  Two  Greek  monks  introduced  it  into 
Europe  towards  the  middle  of  the  sixth  era,  and  the  silk- 
worm with  it-t     Its   culture   soon  spread  throughout  the 

'  QninUl, — one  huiidFAd  pounda  wei^t. 

t  '^  I  Djbed  not  eipluD  Cb»t  Bilk  ia  onsui»l]j  stmn  from  the  bonek  of  a 
oaterpiUftT,  and  UiAt  it  canip€w«  tJie  golden  tomb  from  whence  a  worm 
enwrgn  in  the  fbrm  of  1  butlerflr.  Till  the  reign  of  Jaitinian,  Uie  tUk- 
wormi,  who  feed  on  the  lenTn  o!  l£e  white  iDolben?  tree,  were  confined  to 

both  ai  Azi&  and  Europe,  bat  as  their  education  i>  more  diMcolt,  and  th«ic 
produoe  more  QDcerlaiD,  ther  were  generallj  Deselected,  eioept  in  the  little 
iilaiid  of  Lhh,  near  the  ADiiBt  of  Afnca.  A  thin  paaxe  waa  prDcnred  from 
theiir  webai  afldmiIi*oiim«»itootore,llieinT6ntioiiof  awomito,  fbrf^ale 
OH,  wae  lopff  admired  both  in  the  Eaat  and  at  Borne.  Wbaterer  snBpieioue 
ma^  bo  njaed  hj  the  garmeuta  of  tiu  UedeB  and  AaaTriaog,  Virgil  is  the 
mOBtaodeDt  writer  wboexpreulrinentiQnflllie  soft  wool  which  WBfl  combed 
from  the  ireea  of  the  Bwm  or  ChineH;  and  thle  natural  error,  leu  mar- 
Tdloufl  than  the  trath,  waa  ihxdj  oorreoted  b^  the  knowledge  of  a  ralnable 
iniect,  the  Bnt  aitificec  of  the  1011117  "t  naitou.    That  ran  and  elegant 
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Peloponnesus,  and  it  gave  to  this  part  of  Greece  the  modem 
name  of  Morea,  From  thence  the  mulberry  and  the  silk- 
worm passed  into  Sicily,  by  the  care  of  King  Eoger,  and 
acquired  in  Calabria  a  rapid  extension.  Some  gentlemen  who 
had  accompanied  Charles  the  Eighth  into  Italy  during  the 
war  of  1494,  having  discovered  all  the  advantages  which 
that  country  drew  from  this  branch  of  agriculture,  were 
desirous  of  conferring  the  gift  on  their  native  country,  and 
so  caused  the  mulberry  to  be  transplanted  from  Naples  into 
Provence  and  Dauphm^.  It  is  but  thirty  3'ears  ago  when 
might  be  seen  still  at  Allan,  near  Montelimart,  the  first  of 
these  trees  which  was  planted  in  France.  It  was  brought 
there  by  Ghiy  Pope  of  St.  Auban,  lord  of  Auban.  At  present, 
the  mulberry  covers  a 'great  part  of  the  south  of  France,  and 
is  cultivated  even  in  the  noi'tn. 

Silkworms  live  in  the  state  of  a  larva  about  thirty-four 
days,  and  during  this  time  change  their  skin  four  times; 
the  time  comprised  between  these  successive  moultings  con- 
stitutes what  the  agriculturalists  call  the  various  ages  of 

luxury  was  censured  in  the  age  of  Tiberius  bj  the  gravest  of  the  Romans. 
Two  hundred  years  after  the  age  of  Pliny,  the  use  of  pure,  or  even  of 
mixed  silks  was  confined  to  the  female  sex,  and  all  the  opulent  citizens  of 
Borne  and  the  provinces  were  insensibljr  familiarized  with  the  example  of 
HeUogabalus,  the  first  who,  by  this  effeminate  habit,  had  sullied  the  cugnily 
of  an  emperor  and  a  man.  Aurelian  complained  that  a  pound  of  silk  was 
sold  at  Rome  for  twelve  ounces  of  ^old ;  but  the  supply  increased  with  the 
demand,  and  the  price  diminished  with  the  supply. 

"  As  silk  became  of  indispensable  use,  the  Emperor  Justinian  saw  with  oom- 
cem  that  the  Persians  haA  occupied  by  land  and  sea  the  monopoly  of  this 
important  supply,  and  that  the  wealth  of  his  subjects  was  continually  drained 
by  a  nation  of  enemies  and  idolaters.  An  active  government  would  have 
restored  the  trade  of  E^ypt  and  the  navigation  of  the  Red  Sea,  which  had 
decayed  with  the  prosperity  of  the  Empire ;  and  the  Roman  vessels  might 
have  sailed,  for  the  purchase  of  silk,  to  the  ports  of  Ceylon,  of  Malacca,  or 
even  of  China.  Justinian  embraced  a  more  humble  expedient,  and  solicited 
the  aid  of  his  Christian  allies,  Ethiopians  of  Abyssima,  who  had  recentiy 
acquired  the  arts  of  navigation,  the  spirit  of  trade,  and  the  sea-port  of 
Acuilis,  still  decorated  with  the  trophies  of  a  Grecian  conqueror.  Along  the 
African  coast,  they  penetrated  to  the  Equator  in  search  of  gold,  emeralds,  and 
aromatics;  but  they  wisely  declined  an  unequal  competition,  in  which  th^ 
must  be  always  prevented  by  the  vicinity  of  the  Persians  to  the  markets  of 
India ;  and  the  Emperor  suomitted  to  the  disappointanent,  till  his  wishes 
were  gratified  by  an  unexpected  event.  The  gospel  had  been  preached  to  the 
Indians ;  a  bishop  already  governed  the  Christians  of  St.  Thomas,  on  the 
pepper  coast  of  Malabar ;  a  church  was  planted  in  Ceylon,  and  the  mission- 
aries pursued  the  footsteps  of  commerce  to  the  extremities  of  Asia.  Two 
Persian  monks  had  long  resided  in  China,  perhaps  in  the  royal  city  of 
Nankin,  the  seat  of  a  monarch  addicted  to  foreign  superstitions,  and  who 
actuaUy^  repeived  an  embassy  from  the  isle  of  Ceylon.  Amidst  their  picas 
occupations,  they  viewed  with  a  curious  eye  the  common  dress  of  the  Chrneee, 
the  manufactures  of  silk,  and  the  myriads  of  silkworms,  whose  eduoadon. 
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ihese  little  animals.  At  the  approach  of  each  moulting  they 
become  as  if  dormant,  and  cease  to  eat ;  but  after  having 
changed  their  skins  their  hunger  redoubles.  They  ckW.  jpetite 
freze  the  moment  of  the  great  appetite  which  precedes  each 
of  the  four  first  moultings,  and  grande  frhze  that  which  is 
observed  during  the  fifth  age  of  the  worm.  The  quantity  of 
nourishment  which  they  consume  increases  rapidly.  It  is 
reckoned  that  for  the  larvse  springing  from  an  ounce  of  seed, 
seven  pounds  of  leaves  are  required  during  the  first  age,  the 
duration  of  which  is  five  days;  twenty-one  pounds  during 
the  second  age,  which  continues  only  four  days;  seventy 
pounds  for  the  third  age,  which  lasts  seven  days;  two  hundred 
and  ten  pounds  during  the  fourth  age,  which  continues  seven 
days ;  and  from  twelve  to  thirteen  himdred  pounds  during 
the  fifth  age.  It  is  on  the  sixth  day  of  the  last  age  that  the 
grande  freze  takes  place.  The  worms  devour  then  from  two 
to  three  hundred  pounds  of  leaves,  and  cause,  whilst  eating,  a 
noise  like  a  heavy  shower  of  rain.  The  second  day  they 
cease  to  eat,  and  prepare  themselves  to  undergo  the  first 

eitiier  on  trees  or  in  houses,  had  once  been  considered  as  the  labonr  of 
qaeens.  Th^  soon  discovered  that  it  was  impracticable  to  transport  the 
snort-Ured  insect,  bat  that  in  the  e^gs  a  numerous  progeny  might  be  pre- 
served and  multiplied  in  a  distant  chmate.  Beligion  or  interest  had  more 
power  over  the  Persian  monks  than  the  love  of  their  country.  After  a  long 
}oumey  they  arrived  at  Constantinople,  imparted  their  project  to  the  Em- 
peror, and  were  liberally  encouraged  oy  the  gifts  and  promises  of  Justinian. 
To  the  historians  of  that  prince,  a  campaign  at  the  foot  of  Mount  Caucasus 
has  seemed  more  deserving  of  a  minute  ration  than  the  labours  of  these 
missionaries  of  commerce,  who  again  entered  China,  deceived  a  jealous 
people  by  concealing  the  eggs  of  the  silkworm  in  a  hollow  cane,  and  returned 
m  triumph  with  the  spoils  of  the  East.  Under  their  direction,  the  eggs  were 
hatched  at  the  proper  season  by  the  artificial  heat  of  dung ;  the  worms  were 
fed  with  mulberry  leaves ;  they  lived  and  laboured  in  a  foreign  climate  ;  a 
sufficient  number  of  butterflies  was  saved  to  propa^te  the  race,  and  trees 
were  planted  to  supply  the  nourishment  of  the  rismg  generations.  Expe- 
rience and  reflection  corrected  the  errors  of  a  new  attempt,  and  the  Sogdoite 
ambassadors  acknowledged,  in  the  succeeding  reign,  that  the  Bomans  were 
not  inferior  to  the  natives  of  China  in  the  education  of  these  insects  and  the 
manufactures  of  silk,  in  which  both  China  and  Constantinople  have  been 
surpassed  by  the  industry  of  modem  Europe.  I  am  not  insensible  of  the 
benefits  of  elegant  luxury ;  yet  I  reflect  with  some  pain,  that  if  the  importers 
of  silk  had  introduced  the  art  of  printing,  already  practised  by  the  Cninese, 
tiie  comedies  of  Menander  and  the  entire  decades  of  Livy  would  have  been 
perpetuated  in  the  editions  of  the  sixth  century.  A  larger  view  of  the  globe 
mi^t  at  least  have  promoted  the  improvement  of  speculative  science,  but 
the  Christian  geography  was  forcibly  extracted  from  texts  of  Scripture,  and 
the  study  of  natiure  was  the  surest  symptom  of  an  unbelieving  mind.  The 
orthodox  faith  confined  the  habitable  world  to  one  temperate  zone,  and 
represented  the  earth  as  an  oblong  surface,  four  hxmdred  days'  journey  in 
length,  two  hundred  in  breadth,  encompassed  by  the  ocean,  and  covered  by 
fhe  soUd  crystal  of  the  firmament."— Dec^MM  and  FaUf  vol.  vi. 


394  ZOOLOGY. 

metamorpbosis.  They  may  be  seen  then  to  climb  the  branches 
of  small  faggots  placed  intentionally  and  carefully  above  the 
hurdles  in  which  they  had  hitherto  remained.  Their  bodies 
become  soft,  and  there  springs  from  their  month  a  thread  of 
silk  which  they  draw  after  them.  Soon  they  fix  themselves, 
throwing  around  them  a  multitude  of  threads  of  extreme 
fineness,  called  banc  or  banne,  and,  suspended  in  the  middle 
of  this  network,  spin  their  cocoon,  which  they  construct  by 
continually  tumins  on  themselves  in  different  ways,  and  thus 
rolling  around  their  body  the  thread  which  leaves  the  winder 
with  which  their  lip  is  pierced.  The  thread  thus  formed  is 
produced  by  glands  which  have  much  analogy  with  the 
salivary  glands  of  other  animals,  and  the  matter  of  which 
it  is  composed  is  soil  and  viscous  at  the  moment  of  its  leaving 
the  mouth,  but  soon  hardens  in  the  air.  From  this  it  results 
that  the  Afferent  turns  of  this  single  thread  become  agglu- 
tinated together,  and  form  an  envelope  whose  tissue  is  firm 
and  whose  shape  is  ovoid.  The  colour  of  this  silk  varies ; 
sometimes  it  is  yellow,  sometimes  pure  white,  according  to 
the  variety  of  the  worm  which  has  produced  it,  and  the 
length  of  each  thread  often  exceeds  six  hundred  metres, 
(somewhat  more  than  six  hundred  yards),  but  it  varies  much, 
as  well  as  the  weight  of  the  cocoons.  The  worms  produced 
from  a  single  ounce  of  seed  may  produce  as  much  as  one 
hundred  and  thirty  pounds,  but  such  a  harvest  is  rare,  and 
often  they  obtain  only  from  seventy  to  eighty  pounds  from  the 
cocoons. 

In  general,  from  three  days  and  a  half  to  four  days  suffice 
for  the  larvae  to  finish  their  cocoon,  and  if  we  afterwards  open 
this  kind  of  cellule  we  may  see  tiiat  the  animal  (Fig.  373), 
no  longer  offers  the  same  appearance  as  before  its  seclusion ; 
it  has  acquired  a  brown  colour,  its  skin  resembles  old  leather, 
and  its  form  is  ovoid,  a  little  pointed  at  its  posterior  extre- 
mity. Neither  head  nor  jaws  are  to  be  any  longer  distin- 
tinguished,  but  its  posterior  portion  is  occupied  by  moveable 
rings,  whilst  anteriorly  an  oblique  band  may  be  observed, 
disposed  like  a  scarf,  and  representing  the  future  rings  of  the 
perfect  animal.  The  time  during  which  the  bombyces  re- 
main thus  shut  up  in  a  state  of  chrysalis,  varies  according  to 
the  temperature.  If  the  heat  be  from  15°  to  18°  (from  59** 
to  65°  Fahrenheit),  they  come  out  in  the  perfect  state  from 
the  eighteenth  to  the  twentieth  day.  To  pierce  their  cocoon, 
they  moisten  one  extremity  with  a  particular  liquid  which 
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they  disgorge,  and  nfterwards  thej  strike  their  heads  violentlj 

r'nst  the  point  thus  softened.  When  the  bombyx  has  in 
manner  finished  its  metamorphoaes,  it  appears  tmdec 
the  form  of  a  hutterflj  with  whitish  wings  (Fig.  372);  ita 
month  is  no  longer  armed  with  jaws  as  when  young,  bat 
is  prolonged  into  a  proboscis  rolled  into  a  spiral;  ita  timba 
are  Blender  and  elongated,  and  its  internal  conformation 
difiers  as  much  from  that  of  the  larva  as  its  external  form. 
Soon  after  their  birth  the  papillons  seek  each  other  j  after- 
wards the  females  lay  their  eggs,  the  number  of  which 
amounts  to  more  than  Rve  hundrM  for  each  of  these  insects; 
finally,  ajler  having  lived  in  the  perfect  state  from  ten  to 
twenty  days,  they  die. 

§  633.  The  bees,  of  which  we  hare  already  had  occasion 
to  speak  (§  333),  experience  changes  still  greater,  since  in 
the   larra  stat«   they   have   no   limbs,   and    resemble   little 


Fig.  S7a.— Bombji,  or  Hoth  of  Uie  Uulb«rr]r,    Fig.  373, 

worms.  It  is  the  same  with  flies,  gnats,  and  a  great  number 
of  other  insects ;  thus  the  vermiform  animals  which  awarm 
in  putrid  flesh,  and  which  are  known  by  the  common  name 
of  asticoU,  are  nothing  else  but  the  larvte  of  the  golden  fly. 
Gnats,  which  at  night  vault  in  the  ^r  in  numerous  groups, 
and  which  are  so  harassing  to  man  by  their  envenomed 
sting,  live  in  water  whilst  in  their  larva  state.  They  are 
then  vermiform,  without  limbs,  and  have  the  abdomen  ter- 
minated by  bristles  and  appendages  disposed  in  rays  (Fig. 
374);  finally,  the  last  ring  but  one  gives  origin  to  a  tube 
sufficiently  long  {t),  by  means  of  which  the  animal  draws 
irom  the  atmosphere  the  ui  it  requites.    To  breathe  in  this 
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way,  it  saspends  itself  as  it  were  to  the  8ur£Eu»  of  the  water, 
with  the  head  downwards,  and  we  see  it  at  short  intervals 
renew  its  arrangement.  The  nymph  continues  to  live  in 
water  and  to  move  in  it,  but  instead  of  breathing  like  the 


Fig.  374.— Larra  of  the 
Gnat, 


Fig.  375.— Gnat,  magnified. 


larva,  it  obtains  the  air  which  it  requires  through  the  medium 
of  two  tubes  placed  under  the  thorax.  It  floats  on  the  surface 
of  the  liquid,  and  after  having  accomplished  its  metamor- 
phoses the  perfect  insect  (Fig.  375),  employs  its  cast-off 
covering  whilst  a  nymph  as  a  barge  or  boat,  until  its  long 
limbs  and  wings  have  acquired  sufficient  solidity  to  permit  it 
to  walk  on  the  surface  of  the  water  or  to  fly  away ;  for  if  its 
body  happened  to  be  submerged,  as  occurs  often  when  the 
wind  upsets  its  frail  embarkation,  it  would  in&llibly  be 
drowned. 

§  534.  The  insects  which  undergo  a  semi-metamorphosis, 
also  pass  through  the  state  of  larva  and  nymph,  before  arriving 
at  their  perfect  state ;  but  here  the  larva  differs  only  from  the 
perfect  msect  by  the  absenee  of  wings,  and  the  state  of  nymph 
IS  only  characterized  by  the  growth  of  these  organs,  whuih,  at 
first  rolded  and  concealed  under  the  skin,  become  then  free, 
but  acquire  all  their  development  only  at  the  epoch  of  their 
last  moulting. 

We  may  cite  as  examplesof  insects  presenting  this  kind  of 
metamorphoses,  the  grasshopper  and  the  ephemera  (Fig.  376). 
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These  last  present  even  a  remarkable  peculiarity;  for  in 
general  insects  change  their  skin  for  the  last  time  when  they 
pass  from  the  stage  of  nymph  to  their  perfect  state,  whilst 
the  ephemera  experiences  another  moulting  before  becoming 
completely  adult,  although  in  this  state  it  lives  but  a  few 


Fig.  376.— Ephemera. 

hours.     The  larva  of  this  ephemera  lives  in  water,  and  differs 
but  little  from  the  adult,  excepting  in  the  shortness  of  its 
limbs,  the  absence  of  wings,  and  by  the  row  of  laminse  or 
plates  which  it  has  on  each  side  of  the  abdomen,  and  which 
it  employs  as  organs  of  respiration  and  of  swimming.     The 
nymph  (Fig.  377),  only  differs  from  the  larva  by 
the  presence  of  sheaths  enclosing  the  wings.     At 
the   moment  when  these  organs  are  to  be  de- 
veloped, the  insect  quits  the  water,  and    after 
having  vaulted  in  the  air  for  some  mmutes,  pro- 
ceeds to  rest  upon  an  elevated  object,  when  it 
abandons  itself  to  violent  movements,  by  means 
of  which  it  throws  off  its  tegumentary  membrane ; 
it  is  then  only  that  its  limbs  acquire  all  their  length, 
and  its  body  the  colours  it  is  afterwards  to  preserve. 
§  535.  Some  insects,  although  they  undergo 
considerable  changes  when  young,  do  not  pass 
through  the  complete  series  of  transformations  of 
which  we  have  just  spoken ;  they  seem,  as  it  were 
to  stop  en   route,  and  never  come   to  possess 
wings.      Fleas    are   in    this   dkse,  and,   leaving      Fig.  377. 
the  egg,  they  have  no  feet,  and  have  the  form 
of  smsdl  worms,  of  a  whitish  colour.     These  larvsB  are  very 
lively,  and  roll  themselves  into  a  circle  or  spiral.      Soon 
they  become  reddish,  and  after  having  lived  in  this  stato  a 
dozen  days,  they  shut  themselves  up  in  a  small  silky  cocoon  of 
extreme  fineness,  to  be  transformed  into  a  nymph ;  then,  at 
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the  end  of  about  twelve  days  of  seclusion,  if  the  time  be  warm, 
they  leave  the  envelope  in  the  perfect  state. 

§  536.  Finally,  there  are  also  insects  which  do  not  un- 
dergo a  metamorphosis,  and  which  are  bom  with  all  the 
organs  they  are  ultimately  to  possess;  but  it  is  always 
the  apterous  insects  which  offer  us  this  mode  of  development. 
The  podurella  (Fig.  352),  already  spoken  of,  and  the  louse 
(Fig.  405),  offer  examples  of  this. 

§  537.  Insects  so  remarkable  by  their  organization,  are 
still  more  so  by  their  habits,  and  by  the  admirable  instinct 
which  nature  has  bestowed  on  so  man}'^  of  them.  The  arti- 
fices they  employ  to  procure  their  food,  or  to  withdraw  them- 
selves from  their  enemies,  and  the  industry  they  display  in 
their  labours,  astonish  all  who  have  witnessed  them;  and 
when  we  see  them  unite  into  numerous  societies,  to  make  up 
for  their  individual  feebleness,  assist  each  other,  divide  amongst 
them  the  works  necessary  to  the  prosperity  of  their  commu- 
nity, provide  for  their  future  wants,  and  frequently  even  regu- 
late their  actions  according  to  the  accidental  circumstances  in 
which  they  may  be  placed,  one  remains  confounded  to  find,  in 
these  beings,  so  small  and  apparently  so  imperfect,  instinct  so 
varied  and  so  powerful,  and  intellectual  combinations  which 
so  strongly  resemble  reasoning  or  judgment.  The  subject 
would  not  become  exhausted,  if  we  felt  inclined  to  relate  here 
examples  of  these  curious  phenomena,  but  the  narrow  limits 
of  these  lectures  do  not  permit  us  to  consecrate  at  this  mo- 
ment more  time  to  this  subject ;  and  we  can  only  refer  our 
readers  to  what  we  have  already  said  whilst  treating  in  a 
general  way  of  the  actions  of  animals  (§  317  to  339). 

§  538.  Classification  of  Insects. — If  we  now  endeavour 
in  a  few  words  to  sum  up  the  more  important  differences 
which  insects  present,  we  shall  find  that  these  differences 
depend  especially  on  the  structure  of  the  mouth,  which  regu- 
lates the  rSgime  of  these  animals ;  in  the  disposition  of  the 
organs  serving  for  aerial  locomotioi^,  a  function  which  gives 
to  the  entire  class  one  of  its  most  prominent  characters;  finally, 
on  the  kind  of  metamorphoses  which  these  beings  undergo 
when  young.  Now,  after  what  we  have  said  elsewhere  re- 
specting the  essence  of  natural  classification,  it  is  evident  that 
it  ought  in  consequence  to  be  in  the  modifications  of  the 
buccal  apparatus,  of  the  wings,  and  of  their  mode  of  develop- 
ment, that  the  zoologist  should  look  for  the  basis  of  a  metho- 
dical distribution  of  these  animals.     In  fact,  it  is  in  this  way 
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that  the;  have  coma  to  divide  them  into  a  certain  number  of 
orders,  to  wbioh  have  been  given  the  names  of  cnleopitra, 
orthoptera,  veuropiera,  hytnenoptera,  leptdoplera,  ke- 
miptera,  diptara,  rhipiptera,  anopturea,  and  th^sanoures. 
§  539.  The  coleoptera,  as  well  as  the  orthoptera  and  the 
nearoptera,  are  formed  to  be  nourished  on  solid  substances, 
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whether  animal  or  vegetable,  and  are  furnished  for  this  pur- 
pose with  mandibles  sjid  jaws  adapted  for  the  division  of  this 
kind  of  food  (Fig,  356).  Thev  have  two  pairs  of  wings,  bnt 
those  of  the  first  pair  are  not  adapted  for  flieht,  and  constitute 
a  sort  of  hard  and  homy  bucklers  called  elytra  {a.  Fig. 
348). 

The  wings  or  the  second  pair  are, 
on  the  contrary,  membranous,  trans- 
parent, and  too  long  to  be  concealed 
under  the  elytra  without  being  folded 
across;  sometimes  they  are  alto- 
gether wanting,  and  then  the  insect 
cannot  fly ;  this  is  the  case  with  the 
charanQon  (the  weevil)  which  destroys 
our  granaries, and  is  remarkable  for  ita 
head,  prolonged  into  the  form  of  a  beak. 


The   coleoptera   undergo   complete  metamorphoses.      The 
reflembles  a  worm  with  a  homy  head,  wbiist  the  i 


the  body  is  almost  always  soft  (Fig.  381) ;  its  mouth  is  formed 
in  the  same  way  as  that  of  the  perfect  insect ;  the  three  rings 


which  follow  the  head  hare  each  of  them  almost  always  a  pair 
of  limbs,  generalljr  v«Ty  short ;  finally,  there  exists  in  a  great 
number  of  these  animals  a  pair  of  falxe  limbs  attached  to  tb« 
last  segment  of  the  abdomen.  The  nymph  is  inactive,  and 
takes  no  nourishment;  it  is  covered  with  a  membranous  skin, 
applied  exactly  over  the  sabjacent  parts,  and  permits  their 

A&st  of  these  insects  are  remarkable  for  the  hardness  of 
their  integoraents  and  the  brilliancy  of  their  colours.     Some 
are   camirorous, — the   gilded   carabos   (beetle)   or   gardener 
(Fig.  7),  so  common  b  Uie  sandy  walks,  for  example;  others, 
as  the  ir.ay-bug,  live  on  vegetables.     Their  number  is  im- 
mense, and  alr^dy  thirty  thousand  species  are  known ;  but 
we  shall  limit  ourselves  here  to  mentioning  only  the  acarabei, 
of  which  one  species  (Fig.  379)  in  celebrated,  by  reason  of  the 
respect  with  which  it  was  viewed  by  the  ancient  Egyptians ; 
the  cantharides  or  Spanish  flies  (Fig.  382),  which,   m   the 
south  of  France  and  of  Spain,  live  on  the  ash-tree  and  the 
lilac,  and  furnish  to  medicme  a  very  energetic  blistering  sub- 
stance ;   the   weevils,  which    live   on 
grainjthe  vrillette  (Fig.  378)  (Ptinus), 
and  the  wood  piercers,  which  in  the 
state  of  larva  perforate  the  wood  of 
old   furniture  and  timber  work;  the 
dermestes  (Fig.  380),  whose  larvs  live 
on  the  cast-off  skins  of  other  animals, 
and  often  in  this  way  destroy  furriery 
and  zoolt^cal  collections;  finally,  the 
coccinella   or  S^fe   a    boa   dieu,   the 
cicindela,  the  carabus'  (Pig.  7),  Ac. 

§  540.    The  orthoptera    resemble 
the  preceding   by  the  general  dispo- 
Fie  3SS  — Cmtbirin         sition  of  the  organs  of  mastication,  as 
or  SpBDiah  Fir.   '        ^^H   "^    bj    the    number    and   con- 
sistence of  their  wings,  but  are  distin- 
guished by  the  manner  in  which  (heir  posterior  wings  are 
folded,  and  by  the  nature  of  their  metamorphoses.     The  elytra 
are  less  hard  than  in  the  coleoplera,  and  the  roembranoos 
wings  (Fig.  383)  when  they  are  at  rest  are  not  folded  trans- 
versely, but  merely  longitudinally,  in  the  manner  .of  a  fan. 
Thay  undergo  only  a  semi -metamorphosis,  and  the  larva  as 
well  as  the  nymph  resembles  a  perfect  insect,  excepting  as 
reitards  the  wings.     Finally,  all  are  terrestrial,  and  most  of 
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them  are  reraarkaljle  for  the  elongation  of  their  body  and  for 
_the  eitreme  development  of  their  posterior  limbs,  which 
makes  tliem  leaping  aiiimals. 


Fif.  3H.— Gocktoub. 


The  locnats  and  crickete  (Fig.  343)  are  the  principal  repre- 
sentalives  of  this  gronp:  but  in  it  are  al«o  arranged  the 
mantis   (Fig.  346),    the    phyllis    (Fig.  386),   the    grillon 


Fig.  386.— House  Cricket. 

(Fig.  385),  the  «mrtiliere(Fig.345},thecockroach(Fig.384), 
and  the  forficulw  (Fig.  351). 

§  641.  The  neuroptera  are  distinguished  from  other  mas- 
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ticHting  insects  by  the  structure  of  tbeir  wingti,  fonr  in 
number;  these  are  all  membranoas,  transparent,  of  ex- 
treme delicacy,  and  of  equal  utility  for  flight.  The  body  of 
Huch  injects  is  generally  soft,  and  vei^  elongated.  FinaUy, 
some  undergo  a  complete  metamorphosis,  others  only  a  semi- 
metttmorphosts.  This  order  comprises  the  libellulro  (Fig.  387), 
the  a^one  (Fig.  148),  the  ephemera  (Fig.  376),  the  fonrmi- 
lion  (Fig.  97),  the  friganidte,  the  termit«a,  &o. 


Fig.  38S.— PbyUieFeoillsS^che  IFhrmum  Sncriibliani). 

These  last  inaed*,  known  also  by  tbe  name  of  white  ants, 
are  very  destruotiTe;  they  are  met  with  chiefly  in  warm 
countries,  but  they  cause  considerable  destruction  in  some 
parts  of  France,  as  at  Rochelle  and  at  Bochefort,  for  example : 
they  -destroy  tiie  timber  of  carpenters'   work,   aud  live  in 


.9  eowetiea,  comjwsed  of  winged  males  and  female*, 

of  wingleaa  neutral  individualB,  and  of  die  jaung. 

§  542.  The  hjmenoptera  establlBh  in  some  meaaure  the 
pasutge  between  masticating  and  sucking  insects :  tbej  have 
in  front  mandibles  very  tike  tjie  first,  but  which  do  not  serve 
for  maiitication,  and  they  are  nourished  with  soft  or  liquid 
matters,  whiuh  they  suck  up  by  means  of  a  moveable  and 
flexible  proboscis,  compoaed  of  gums  and  of  the  langnette 


extremely  elongated  (Fig.  358).     They  have,  like  tlie  n 
roptera,  four  membranous  and  traneparent  wings;  but  these 
witjgs,  instead  of  b^ng  reticulated  like  lace,  are  divided  into 


Fig.  387.— IdbeUnle  IMprim^e  (Libellnla  depres 

a  certain  number  of  tolerably  large  cellules  by  homy  n 
and  tiey  cross  each  other  horizontally  on  the  body  dnring 
repose.  These  integuments  are  not  very  hard,  and  the 
abdomen  of  the  female  is  terminated  by  a  wimble  or  dart. 

These  insects  undergo  a  complete  metamorphosis.  The 
larva,  sometimes  deprived  of  wings,  resembles  a  worm ;  at 
other  times,  having  six  feet,  with  hooks,  and  oHen  also  from 
twelve  to  siiteen  membranous  feet,  it  more  resembles  a  cater- 
pillar. In  both  cases  it  has  a  scaly  head,  with  mandibles,  jaws, 
and  a  lip,  at  the  extremity  ot  which  is  a  winder  for  the 
paasage  of  the  silky  matter  of  which  the  cocoon  is  to  be  coii- 
sdntcted.     The  regime  of  these  larvee  varies  much.     Several 


require  foreign  aid,  and  are  brought  up  in  common  by  sterile 
individuals,  reunited  into  a  society,  as  we  have  seen  in  speak- 
in);  of  bees  (§  332).     The  nymph  remuns  without  noorish- 


Fig.  388.— Toniiil«  (While  Anti), 

meut,  and  in  complete  repose.     Finally,  in  their  perfect  state, 
the  hynienoptera  lire  almost  all  on  floneni,  and  they  die  at 

the  end  of  the  first  year  of  their  existence. 


Tlii^  order  iwmprisen  moat  of  the  inaecta  more  remarkable 
I'lir  their  ina':incti,  such  as  ants,  bees  (Fig.  163),  and  wasps ;  tii 


it  also  belong  the  humble  bee  (Fig,  389),  the  xjlocopea  (Fig, 
106),  the  tenthredes,  the  airei  (Fig.  390),  the  ichnenmon, 
the  cyoips,  Sm. 


1 
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/ 
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§  943.  The   order  of  lepidoptera  is  compoaed  of  insects 
whose  mouth  (Fig.  363)  is  so  formed  as  to  be  adapted  only 


KKk  Bnttf  rflj  {PapiKo  perioniii). 


for   the  drawing  up   of  juices  deposited  on  the  surl 
pltHits;  whoae  win^  are  iour  in  number,  membroiiouB 


the  two  precediiig  groups,  opaque,  and  variously  coloured  by 
the  presence  of  a  sort  of  scaly  dost  fixed  to  the  aurfece. 
The  mouth,  as  we  have  already  said,  has  the  tbrm  of  a  pru- 
boscis  rolled  into  a  spiral.    Finally,  these  insects  nndei^  a 


complete  metamorphosis,  and  their  larv»  (Figs.  368, 371, 
395,  46),  known  by  the  name  of  caterpillars,  are  provided 
with  feet  towards  the  two  extremities  of  their  body,  and  live 


Fig.  SOS.— Hpliini  oTths  Vi 
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tbemnelves  into  leaves,  or  suspend  themselves  to  some  foreign 
body  bj  means  of  a,  silken  thread. 

Amongst  the  lepidoptera,  some  &j  during  the  day,  others 
show  themselves  only  at  dusk,  and  others  remain  as  it  were 
benumbed  during  the  day,  and  appear  only  at  night.  The 
diurnal  are  known  by  their  wings  elevated  vertically  during 
repose  (Fig.  392),  and  are  remarkable  for  the  vanety  an4 
brilliancy  of  their  colours.  They  are  generally  termed  paptl- 
Ions  (butterflies),  but  zoologists  divide  them  into  vanestite 


Pig.  3M.~0t>k-Lettr  Moth.  Pig.  Ms.— Pf  nlM  a!  Chi  Vine.' 

(Fig.  391).  papiltons,  properly  so  called  (Pig.  364),  danudes 
(Fig.  392), &c.  The  twilightand  the  noctnmd  have  the  wings 
horizontal  during  repose,  and  have  in  general  more  sombre 
nolours  than  the  preceding.  These  are  the  sphinx  (Fig.  393), 
the  bombyces  (Figs.  372  and  394),  the  phalenie,  the  tineite, 
Ac.  The  pyraliH  (Fi^.  395),  which  occasions  also  «nch 
destmction  to  the  vineries,  belongs  to  this  group. 

§  644.  The  hemiptera  also  have  the  mouth   formed  'Sm 


auctJon,  not  contisting  in  a  Bingle  proboMiM,  bat  with  tixe 
form  of  a  bill  or  beak,  in  the  interior  of  which  ace  sharp 
styletii,  adapted  to  perforate  animal  or  vegetable  tissaes,  in 


Fig.  3M.— Fsnlooui*  (Cimn  onatii).  Fig.  Sffr.—Siljt,  or  Wood  Bag. 
which  the  animal  finds  the  liquids  b;  which  it  is  nourished 
(§  523).  These  insects  hare  generally  four  wings,  like  all  the 
precedinf,',  but  uaually  those  of  the  first  pair  are  onlj'  mem- 
oruoous  towards  the  extremity,  and  constitute  semi-elytra. 
Finally,  the  metamorphoses  are  incomplete,  and  the  insect  ae 
it  grows  changes  neither  its  form  nor  its  habits;  only  it  iu 
general  reqaires  win^,  which  it  had  not  at  first;  sometimes 
however   they   remain  without  these  organs.     This  is  the 


I^g.  Ses.— The  Bslm  Cricket. 

case  with  the  bed  bugs,  for  example.  We  arrange  in  this 
order  the  pentatoma,  the  haty«  or  wood  bug  (Fig.  396  and 
397,)  &c.,  the  nepas  or  water  flea  (Fig.  400),  the  cigate  or 


halm  orickot  (Pig.  398),  the  JiQcerons,  the  cochineal,  4b. 
We  ma;  also  bring  near  to  this  gronii  the  flea  (Fig.  399), 
for  example,  which  is  always  apteroiu,  like  the  bug,  and 
which  hag  been  considered  by  most  naturalistB  entitled  to 
form  a  particular  order,  called  suckers. 


>  N?p*.         Fig.  lOl.-ThE  Bag. 

§  545.  The  order  of  diptara  is  characterized  bj  the  ex- 
istence of  a  single  pair  of  membranous  wings,  not  unlike 
those  of  the  hjmenoptera,  and  b;  the  structnre  of  the  mouth, 
arranged  for  suction. only ;  we  observe  in  it  in  general  a  pro- 
boscis, sometimes  homy  and  elongated,  sometimes  soil  and 
retractile,  and  inclosing  itiff  and  sharp  bristles. 


Pi;.  403— Tbe  Qi-Sf,  or  Gtd-fljr. 


A  sufficiently  correct  idea  of  the  general  form  of  dipterous 
insects  may  be  derived  from  one  of  them  known  to  alt  the 
world — the  common  fly  j  and  we  shall  only  add,  that  all  un- 
dergo a  complete  metamorphosis.  The  larvte  (Pig.  402,  a) 
have  uo  limbs ;  their  head  is  soft,  and  the  mouth  is  generally 


provided  with  hooks.  Sometimes  they  change  the  akin  several 
times,  and  spin  a  cocoon,  to  transform  themselves  in  it  into  a 
nymph;  at  other  times  the;  do  not  moult,  and  their  skin, 
hardened  and  horny,  becomes  for  the  oyroph  a  solid  cocoon, 
hftvmjf  the  appearance  of  a  reed  (Pig.  4Ce,  a). 

In  this  division  we  place,  in  addition  to  the  fli^,  properly 
HO  called,  the  gnats,  the  gad-fly  {Tig.  403),  the  (estnis  (Fig. 
402),  &c 


Fig,  *01.— ^lylop^ 


Fig.  40tl.— PedicutoH 


Kg.  406.— 1 


§  546.  The  rhiptptera  are  insects  having  also  but  two 
wings,  but  in  which  the  organs  are  folded  longitudinally,  like  a 
a  fan ;  two  genera  only  ufe  known,  the  stylops  (Fig.  404)  and 
the  lenoa,  ^ich  in  their  state  of  larva  live  as  parasites  on 
the  abdomen  of  wasps  and  other  hymenoptera. 

§  547.  The  order  anoplures  or  parasites  is  not  numerous, 
and  is  composed  of  insects  which  are  always  without  wings. 


CLASS  OF  THE   MTRIAPODA.  411 

which  have  the  month  arranged  for  suction,  and. which  do 
not  undergo  a  metamorphosis.  As  indicated  by  their  name, 
they  live  on  the  bodies  of  other  animals,  whose  veins  they 
suck.  They  form  two  genera,  the  pediculus  (Fig.  405)  and  the 
ricusin ;  these  last  attach  themselves  to  the  dog  and  to  various 
birds. 

§  548.  Finally,  the  insects  of  the  order  thysanoura  com- 
mence equally  with  the  form  which  they  preserve  through 
life,  and  are  always  without  wings ;  but  they  are  distinguished 
from  the  preceding  by  their  masticatory  apparatus,  and  by 
the  appendages  with  which  their  abdomen  is  provided.  These 
are  the  podurellae  (Fig.  352),  the  lepisma,  machilis  (Fig. 
406),  &c. 


CLASS  OF  THE  MYRIAPODA. 

§  549.  The  myriapoda  respire  air  by  means  of  trachea?, 
like  insects,  but  they  differ  considerably  from  these  animals, 
as  well  as  from  the  arachnides,  by  their  general  conformation. 
Not  only  they  never  have  wings,  but  their  body,  much  elon- 
gated and  divided  into  a  great  number  of  rings,  carries  on  each 
of  these  segments  at  least  a  pair  of  limbs,  besides  the  number 
of  these  organs,  always  twenty-four  at  least,  or  more;  nor  is 
there  any  line  of  demarcation  between  the  thorax  and  the 
abdomen.  They  somewhat  resemble  serpents,  or  worms  with 
feet ;  but  their  internal  organization  brings  them  nearer  to 
ordinary  insects,  excepting  that  their  circulatory  system  is 
much  less  incomplete. 

The  head  of  the  myriapoda  is  provided  with  two  small 
antennse,  and  with  two  eyes,  generally  formed  by  the  reunion 
of  ocelli.  Their  mouth  is  formed  for  mastication,  and  is  pro- 
vided with  a  pair  of  bi-articulated  mandibles,  followed  by  a 
sort  of  lip  with  four  divisions,  and  with  two  pairs  of  appen- 
dages resembling  little  feet.  The  number  of  the  rings  of  their 
bodies  varies,  and  sometimes  these  segments  appear  re-united, 
two  and  two,  in  such  a  way  that  each  moveable  segment  carries 
two  pairs  of  limbs  (Fig.  407).  These  last  organs  terminate 
only  in  a  single  hook.  Finally,  there  exists  on  either  side  of 
the  body  a  series  of  stigmata,  in  communication  with  trachese, 
formed  in  the  same  way  as  those  of  ordinary  insects.  The 
myriapoda  experience  metamorphoses  in  youth,  but  these 
changes  are  not  analogous  to  those  we  have  seen  take  place 
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in  insects,  properly  so  called,  and  consist  only  in  the  forma- 
tion of  new  rini^,  and  in  a  corresponding  augmentation  in  the 
number  of  the  limbs. 

§  650.  Two  natural  groups,  easily  distinguished  by  the 
form  of  the  antennae,  compose  this  latter  class — namely,  the 
chilognathus  or  iulus,  and  the  chilopodes  or  the  scolopendra. 


Fig.  407.— lulufl. 


The  chilognaihi  have  a  cylindrical  body,  and  feed  on  organic 
matters  more  or  less  decomposed ;  their  pace  is  slow,  and  they 
often  roll  themselves  into  a  spiral  or  ball.  They  are  known 
by  the  names  of  iulus  (Fig.  407),  polydesmus  (Fig.  408),  and 
of  glomeris 


Fig.  407  (408).— Polydesmus,  Lat.    Iulus  complanstus,  Fab. 

The  chilopoda  have  the  body  flattened  and  more  mem- 
branous than  the  preceding ;  they  are  carnivorous,  and  run 
very  fast.  Three  principal  genera  compose  this  ^oup :  the 
scolopendra  (Fig.  141),  the  lithobius,  and  the  scutigera. 


OP  THE   CLASS  ARACHNIDA. 

§  551.  The  class  of  the  arachnida  is  composed  of  articu- 
lated animals,  having  a  strong  analogy  with  insects,  and, 
like  them,  organized  to  live  in  air,  but  which  may  be  distin- 
guished at  once  by  the  general  form  of  the  body,  and  by  the 
number  of  their  limbs  f  they  differ  alsg  from  thps^  animals  iu 
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several  impnrtaiit  particuUra  as  regards  their  internal  struc- 
ture. In  tact,  all  the  ararhnida  have  the  head  confounded 
widi  the  thorax,  and  have  no  aiitennte;  they  have  ibur  pain 
of  limbs,  and  never  wings;  and  the;  breatne  in  general  b; 
means  of  pulmonary  uavities,  and  have  all  a  tolerably  com- 
plete circnmtory  apparatuB. 


Fig.  *W.-MjgHlf ,  Cgv.    Ar»ne.a>-:c  lari.,  Lin. 

§  552.  The  t^umentary  skeleton  of  these  animals  is  in 
general  lean  solid  than  that  of  insects,  and  their  body  is  com- 
posed of  two  principal  parte,  almost  always  distinct;  the  one 
called  cephalotkorax,  because  it  is  formed  by  the  head  and 
thorax  confounded  into  a  single  segment;  the  other,  named 
ahdomen,  and  composed  sometimes  of  a  series  of  dbtinct 
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rings,  as  may  be  seen  in  scorpions  (Fig.  413) ;  sometimes  of  a 
soil  mass,  globular,  and  without  divisions,  as,  for  example,  in 
spiders  (Fig.  409).* ' 

The  organs  of  locomotion  are  all  fixed  to  the  cephalo- 
thorax,  and  consist  of  eight  pairs,  strongly  resembling  those 
of  insects,  and  almost  always  terminated  by  two  hooks ;  their 
length  is  in  general  considerable,  and  they  easily  break ;  but, 
as  in  the  Crustacea,  the  stump,  after  having  cicatrised,  repro- 
duces a  new  limb,  which  increases  by  little  and  little,  and 
ends  by  becoming  similar  to  that  of  which  the  animal  had 
been  deprived.  The  arachnida  never  present  even  the  ves- 
tiges of  wings,  and  their  abdomen  is  always  completely  de- 
prived of  locomotive  appendages. 

§  553.  It  is  in  the  anterior  part  of  the  cepha- 

lothorax  that  we  find  the  mouth  and  the  eyes. 

These  latter  organs  are  always  simple,  and  in 

considerable  number ;  we  generally  imd  eight  of 
Fig.  410.       them  (Fig  410),  and  we  observe  in  each  of  them  a 

transparent  cornea,  behind  which  is  a  crystal- 
line humour  or  lens,  and  a  vitreous  humour,  then  a  retina, 
formed  by  the  termination  of  an  optic  nerve,  and  an  envelope 
of  colouring  matter.  We  find  nothing  in  respect  of  the  instru- 
ments by  which  the  arachnida  ascertain  the  presence  of  sounds, 
but  we  have  many  proofs  of  the  existence  of  this  sense  in  these 
animals,  and  it  would  even  appear  that  some  of  them  are  sen- 
sible to  the  charms  of  music.  Touch  is  exercised  chiefly  by  the 
extremity  of  the  limbs,  and  by  the  appendages  with  which 
the  mouth  is  provided. 

§  554.  The  nervous  system  of  the  arachnida  presents  dif- 
ferences sufficiently  remarkable;  sometimes,  as  in  the  scor- 
pions for  example,  it  is  composed  of  a  series  of  nine  gan- 
glionary  masses,  reunited  together  by  double  cords  of  commu- 
nication, and  forming  a  chain  extending  from  one  extremity 
of  the  body  to  the  other,  and  in  an  almost  uniform  manner ; 
at  other  times,  as  in  spiders,  &c.,  we  find  all  the  ganglions  of 
the  thorax  united  into  a  single  mass  (t,  Figs.  411  and  414), 
whence  proceed  backwards  two  cords  (c),  which  proceed  to  ter- 
minate in  a  single  abdominal  ganglion  (a.  Fig.  414).  Fur- 
ther, the  general  disposition  of  these  parts  is  always  the 

*  The  arachnides  are  divided  into  two  orders,  the  pnlmonaria  and  the 
trachearia.  The  first  includes  such  genera  as  the  araneA,  the  tarantula, 
Scorpio,  &c.  The  second  order  includes  the  philangida,  with  its  various 
orders  of  siro  trogulus,  &c.,  and  the  acarus,  of  which  there  are  manj  sub- 
genera and  species. — R.  K. 
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same;  the  uitorior  gaaglione  (e),  situated  in  front  of  and 
above  the  gullet,  and  considered  moat  geQerally  at  represent- 
ing the  brain  of  these  animals,  give  origin  to  the  optic  nerrei> 
anteriorlr.  and  are  cootinuona  behind  with  the  ceeophi^eal 
mliar ;  the  other  ganglions  are  situated  nnder  the  alimentary 
tube,  and  send  nervee  to  the  limbs,  abdomen,  &•:, 

§  556.  The  arachnids  are  cumivarous,  but  confine  them- 
aelves  generaUr  to  suuk  the  humours  contained  in  the  dead 
body  ot  their  victim  ;  and  in  order  to  render  easy  the  capture 
of  animals  whose  strength  they  might  dread,  nature  has  pro- 
vided a  great  mauy  of  them  with  a  venomous  apparatus. 
Host  of  them  feed  on  insects,  which  they  seize  alive;  some' 


Fig,  411.-  Keriog«  Sji-lem,  4c.' 

however  are  parasites.  In  the  first,  the  mouth  (Fig.  412) 
is  fumiahed  with  a  ptur  of  inaudilales,  armed  with  move- 
able hooks,  or  formed  like  forceps  of  a  pair  of  lainellated 
jaws,  having  each  a  large  feeler  more  or  less  pediform,  and 
some  ofa  lower  tip;  in  the  parasite  arachnida,  the  mouth  has 
the  form  ofa  small  proboscis,  whence  springs  a  kind  of  lancet 
formed  by  the  jaws. 

The  moveable  hook  or  claw  of  the  mandibles  has  near  its 
extremity  a  small  opening,  which  is  the  orifiue  of  the  eiere- 

m  of  tbe  cepbalotbonx  of  th«  Mjgidt',  ahowtpg  tha  diBpontiQn  of 


m 
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tory  canal  of  the  venomous  gland  already  spoken  of,  and  the 
liquid  which  it  pours  into  the  hottom  of  the  wound  causes 
immediately  the  benumbing  of  the  insects  which  these  ani- 
mals pursue,  but  is  too  feeble  to  injure  man,  and  it  is 
without  any  rearion  that  the  common  people  often  ascribe  to 
the  bite  of  spiders  the  pimples  and  red  spots  which  some- 
times appear  on  the  skin. 

Certain  arachnida  are  provided  with  another  venomous 
apparatus  destined  for  the  same  purpose,  and  also  serving  as 
defensive  weapons, — such  as  the  hook  or  claw  which  ter- 
minates the  abdomen  of  scorpions  (Fig.  413).  This  sting 
presents  underneath  the  point  several  openings  which  jcom- 
municate  with  the  venomous  glands,  and  the  sting  of  these 
arachnida  is  often  mortal,  even  to  animals  of  considerable 
size,  as  the  dog.  The  great  scorpions  of  hot  coimtries  are 
also  much  dreaded  by  man,  but  the  sting  of  the  species  in- 
habiting Europe  would  seem  never 
to  be  mortal ;  there  generally 
arises  a  local  inflammation,  more 
or  less  acute,  accompanied  with  fever 
and   stupor,   sometimes  vomitings 

^a  i\k\t'  .^    \IJI        ^^^  tremblings,  as   the  results   of 

—  - 1  such  a  wound.    To  overcome  these 
symptoms,  medical  men  recommend 

Fig  412  *  *^®  ^®®  ^^  volatile  alkali,  given  in- 

ternally as  well  as  appli^  exter- 
nally to  the  wound;  emollient  substances  are  also  applied 
to  the  wound.f 

The  intestinal  canal  is  in  general  very  simple,  but  is  some- 
times complicated,  with  csecal  appendages,  which  penetrate 
even  into  me  interior  of  the  limbs. 

In  general,  tubes  analogous  to  the  biliary  vessels  of  insects 
open  into  the  intestines  near  the  anus ;  but  in  some  arach- 
nida, such  as  scorpions,  there  exists  also  a  liver,  composed 
of  fom*  glandular  branches.  J 

*  Buccal  apt>aratu8  of  s  spider: — «,  the  sternum;  2,  the  lip;  ma,  jaws; 
j>,  palpi  of  the  jaws  :  m,  mandibles;  g^  hooks  or  claws  of  the  mandibles. 

T  In  Stmthem  Africa,  and  on  the  banks  of  the  G#eat  Fish  River,  I  ofo> 
served  a  small  black  spider,  whose  sting  produced  the  symptoms  described 
in  the  text,  even  in  the  adult ;  but  in  none  of  the  oases  wnich  I  met  with 
did  they  prove  fatal.  The  remedies  I  applied  were  the  volatile  alkali  and 
strong  spirits. — B.  K. 

$*  These  animals  are  numerous  beyond  imagination  in  Southern  Africa,  cm 
the  banks  of  the  Oreat  Fish  Biver.  I  remember  a  larg«  plain  covered  with 
small  flat  loose  stones,  underneath  each  of  which  there  seemed  to  reside  » 
scorpion ;  for  of  the  hundreds  turned  over,  we  never  failed  to  find  one.  They 
were  also  always  solitary.  This  was  at  the  post  of  WenxelKoosters. — R.  K. 
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'  It  is  also  aroxind  the  anal  opening  that  we  find  the  secre- 
ting glands  of  the  silky  matter  and  the  winders,  by  the  aid 
of  which  several  arachnida  construct  webs,  which  are  often  of 
great  extent  and  of  extreme  fineness  (Fig.  414). 


Fig.  413.— The  Soorpion. 

§  556.  The  respiration  of  the  arachnida  is  aerian,  and 
takes  place  sometimes  by  means  of  trachese ;  but  in  most  of 
these  animals,  especially  in  spiders  and  scorpions,  it  is  con- 
centrated in  pouches  lodged  in  the  abdomen,  and  called 
lungs.  These  latter  organs  present  internally  a  number  of 
membranous  lamellse  {I,  Fig.  414),  arranged  like  the  leaves 
of  a  book ;  thus,  they  more  resemble  branchiae  than  true 
lunes.  Each  lung  receives  the  air  by  an  opening  situated  in 
the  lower  aspect  of  the  abdomen  (s),  and  sometimes  two  such 
may  be  counted,  sometimes  four,  and  sometimes  eight. 

Certain  spiders  possess  at  the  same  time  lungs  and  trachese, 
such  as  the  segestries  ;'*  and  others,  as  the  faucheur  and 
the  mites,  have  trachese  only.  These  tubes  have  the  same 
structure  as  in  insects,  and  the  air  enters  them  by  two  very 
small  stigmata  situated  at  the  lower  part  of  the  abdomen. 

The  blood  is  white  in  all  animals  of  this  class.  The  pul- 
monary arachnida  have  a  circulating  apparatus  sufficiently 
complete.  Their  heart  (Fig.  415),  situated  in  the  back,  has 
the  form  of  an  elongated  vessel,  and  gives  origin  to  various 
arteries;  the  blood  after  having  traversed  the  organs  pro- 
ceeds to  the  lungs,  and  from  thence  reaches  the  heart, 
following  a  course  similar  to  that  which  we  have  already 

*  Sab-genus  segestria,  Lat.    Example  of  species :    Aranea  florentina, 
Boss. — B.  K. 

E  E 
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Been  takes  place  in  the  cruatacea  {§  111).  In  the  araChmda 
which  breathe  only  by  trachea,  the  apparatuB  of  the  circula- 
tion is  rudimentary.  There  appears  to  be  merely  a.  Gimple 
dorsaJ  vessel  without  arteries  or  veins. 

§  557.  The  arachnida  lay  eggs  like  insects,  and  the  male 
differs  generally  from  the  female  in  the  form  of  the  maiilkxy 
feelers,  the  uaes  of  which  appear  t*  be  very  important.     A 


pig,  414.— Anstomjaf  ■  Jtjgtie.' 

great  number  of  these  animals  .  envelope  their  eggs  in  a 
cocoon  of  silk,  and  aometimes  the  mother  rerowns  near  her 
young  family  to  protect  it,  and  even  carries  the  little  ones  iin 

-  H,  oephglolhota.  open  below,  md  eivine  iltnohment  to  the  Umbs, 
the  bue  of  xliiDh  is  in  fime;  pa,  limb  of  tbe  flrit  puc;  f,  fee1«r;  m, 
mindiWes;  o*,abdomeDi  (,  thoracic  tjsngliomrr  idim;  o, »bdonmiBl bm. 
glioiu  i  po,  pnlmODirr  pouclieB  (  i,  ttigmnlii ;  I,  cenpirUorj  luneQB  of  ane 
of  its  ovitiei,  Isid  open ;  o,  the  orsriai ;  or,  oriflce  of  the  oTidncti ;   ma. 
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tet  back  when  they  ajre  too  feeble  to  walk  alone.  All  these 
animals  undergo  several  moultings  before  reaching  the  adult 
age,  and  some  experience  a  sort  of  metamorphosis ;  for  there 
are  of  them  whose  limbs  at  first  are  only  three  pairs  in  num- 
ber, but  which  acquire  a  fourth  at  a  more  advanced  age. 

§  658.  The  arachnida  have  varied 
instincts  no  less,  remarkable  than 
those  of  insects ;  and  one  feels  in- 
clined to  accord  to  them  still  higher 
faculties,  for  animals  of  this  class 
have  been  seen  capable  of  a  kind  of 
education,  and  to  give  signs  of  a 
sort  of  intelligence.  Many  amongst 
them  have  recourse  to  particular 
tricks  to  secure  their  prey,  and 
others  display  in  the  construction  of 
their  dwelling  a  singular  industry. 
We  have  already  had  occaaion  to 
speak  of  the  remarkable  nest  of  the 
mygale  (Fig.  102) ;  the  webs  which 
the  garden  spiders  stretch  with  an 
admirable  regularity  are  equally  cu- 
rious. The  silk  with  which  these  ani- 
mals thus  construct  their  retreats,  stretch  snares  for  their  prey, 
and  form  cocoons  for  their  eggs,  is  secreted  by  an  apparatus 
lodged  in  the  posterior  part  of  the  abdomen.  This  apparatus 
consists  in  several  packets  of  vessels,  turned  on  themselves,  and 
terminating  in  pieces  pierced  at  the  summit  of  four  or  six 
conical  or  cylindrical  mamelons  called  winders,  and  situated 
under  the  anus  (Fig.  414).  The  gluey  matter  expelled 
through  these  pores  acquires  consistence  by  the  contact  of 
the  air,  and  forms  threads  of  extreme  tenuity,  and  of  a  very 
great  length.  By  the  aid  of  its  limbs  the  animal  reunites 
into  a  single  cord  a  multitude  of  these  threads,  and  each 
time  that,  in  balancing  itself,  these  winders  come  to  touch 
the  body  on  which  it  rests,  they  attach  to  it  the  extremity  of 
one  of  these  threads,  the  opposite  end  of  which  is  still 
enclosed  in  the  secretory  apparatus,  and  the  length  of  which 
it  may  consequently  augment  at  pleasure.  The  colour  and. 
the  diameter  of  the  thread  varies  much  :  a  spider  of  Mexico 
constructs  a  web  composed  of  red,  yellow,  and  black  threads, 

*  Abdomen  and  Heart  of  a  Spider  : — a,  abdomen;   c,  heart:   ar,  ceplialie 
artery;   p,  venous  canals. 

E  E  2 
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interlaced  with  remarkable  art;  and  it  has  been  calculated 
that  ten  thousand  threads  as  they  come  fix)m  the  pores  of  one 
of  the  winders  of  some  of  our  common  spiders,  do  not  equal 
in  thickness  one  of  our  hairs ;  whilst  other  species,  peculiar  to 
hot  countries,  form  nets  so  strong  that  they  suffice  to  arrest 
the  progress  of  small  birds,  and  even  man  himself  is  obliged  to 
make  an  effort  to  break  through  them.  The  manner  in 
which  spiders  arrange  their  silk  is  no  less  varied :  some 
confine  themselves  to  stretch  irregular  threads,  and  others 
weave  a  web,  the  meshes  of  which  are  of  extreme  regularity. 
Sometimes  we  see  them  immovable  in  the  middle  of  their 
web,  watching  their  prey;  at  other  times,  they  conceal 
themselves  in -a  retreat  which  they  construct  at  hand,  and 
which  sometimes  has  the  appearance  of  a  silky  tube,  some- 
times that  of  a  small  cup  or  cupola. 

§  559.  The  arachnida  are  divided  into  two  orders,  accord- 
ing to  the  structure  of  the  organs  of  respiration  and  of 
circulation. 

The  arachnida  pulmonaria  are  chiefly  characterized  by  the 
presence  of  pulmonary  pouches  and  of  a  well  developed  vas- 
cular apparatus ;  but  they  may  also  be 
recognised  by  other  peculiarities  of  struc- 
ture. Thus,  their  eyes  are  six,  eight, 
or  even  more  in  number,  and  under  the 
abdomen  may  be  seen  two,  four,  or 
eight  stigmata.  Moreover,  the  general 
form  of  these  animals  varies.  Some? 
times  they  have  the  abdomen  globular, 
winders  at  its  extremity,  and  small 
mandibular  feelers ;  at  other  times  the 
abdomen  is  elongated,  and  composed 
of  several  rings ;  their  mandibular  feel- 
ers advance  like  arms,  and  terminate 
rru -J-  like  forceps;  or  finally,  there  exists  no 
'^Zu^^St"      winders  at  the  extremity  of  the  body, 

but  in  general  a  venomous  appai'atus. 
Spiders,  properly  so  called  (Fig.  151),  that  is  to  say,  the 
mygale  (Pig.  409),  the  epeira,  the  lycosse  or  tarantulas,  the 
theridions  (Fig.  416),  present  us  with  the  first  of  these  two 
modes  of  conformation ;  the  scorpion  (Fig.  413),  the  second. 

§  560.  The  arachnida  trachearise  have  no  pulmonary 
pouches,  but  respire  by  tracheae,  like  insects,  and  have 
only  a  rudimentary  vascular  apparatus  for  the  circulation  of 
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the  blood.     Some  ore  without  eyes,  aod  in  those  which  have 
■  them,  we  never  find  more  than  two  ov  four.     Some  of  these 
animals,  known  bj  the  name  of  faueheurs,  greatly  resemble 
spiders,  and  are  remarkable  for  the  length  of  their  limbs; 
others  have  the  month  formed  for  suction,  and  constitute  the 
family  acari  or  mit«s;  they  sre  very  small,  and  aeveriJ  live 
an  parasites  on   other  animals. 
One  s^ies,  the  iiodes  of  Brazil, 
fixes   itself  on  dog?,  oxen,  £c., 
and  BO  deeply  plunges  its  suckers 
into  the  nesb  of  tnese  animain, 
that    they   cannot '  be   detached 
without  raiHiog  tip  the  portion 
of  the  skin  to  whicb  they  adhere. 
It  is  asserted  that  tbe  multipli- 
cation of  these  parasit«3  is  some- 
times so  cousiderable  as  to  cause 
the  death  of  the  oxen  and  horxca 
to  which  they  have  fixed  them- 
selves, by  exhaustion.*   Another 
kind  of  mite,  called  leptfu  au- 
tumnalU,  or  rouget,  is  very  com- 
mon in  the  autumn  in  our  fields, 
and,  insinuating  itself  ander  the 
skin    of  the    Tegs,    causes    in- 

..Ptcrt.bi.  itehV   »■"*.   "'"'TiSd' 

it  IS  a  small  ammal  ol  this 
family  which,  by  multiplying  in  winding  burrows  under  the 
skin,  occasions  one  of  the  most  di^uating  diseases,  the  Psora  or 
Itch.  The  sarcopt  of  the  Psora  (Fig.  417)  is  scarcely  visible  to 
the  naked  eye;  but  when  examined  with  a  microscope,  its  body 
is  seen  to  be  oblong,  and  its  mouth  to  have  the  form  of  a 
conical  papilla  armed  with  several  bristles,  and  its  (eet, 
eight  in  number,  differ  very  much  from  each  other,  the  four 
posterior  feet  being  terminated  only  by  bristles,  whilst  the 
four  anterior  feet  are  furnished  at  their  extremity  with  small 
suckers,  by  means  of  which  they  can  adhere  to  the  most 
polished  bodies. 

Hr*r«  thM  they  uuoh  theiDuife*  iudiif rimlD»telj  (o  oieb,  honeB,  dogs. 
Ao.,  but  it  Kemed  to  n*  tiiat  tho;  had  k  predilflotion  for  Cb«  diieued  or 
eiil«bled  ninul ;  far  if  by  ihuFe  an  eifaaiuled  hone  ou  letl  on  (li«  field 
le  daj>,  he  becwne  coTered  with  thsH  rermin,  nhilit  thej  B^ldcni 


•f  the  Fbom 


■tUchad  theisseliei  to  the  hnithj,  w 
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CLASS  OP  CRUSTACEA. 

§  561.  The  Crustacea  are  articulated  animals,  properly 
so  called,  having  the  respiration  hranchial  or  only  cutaneous, 
and  a  circulatory  apparatus  semi-vascular  and  semi-lacunar. 
The  crabs,  craw-fish,  and  lobsters  (Fig.  418),  form  the  type 
of  this  group,  but  naturalists  arrange  in  it  also  a  gr^at  number 
of  animals  whose  structure  is  much  less  complex,  and  whose 
external  form  is  different ;  for  in  proportion  as  we  descend  in 
the  natural  series  of  these  animals,  we  find  the  general  plan 
of  organization  to  be  successively  modified  and  simplified 
more  and  more.  The  lowest  of  the  Crustacea  are  even  so  im- 
perfect, that  they  can  only  live  when  fixed  as  parasites  on 
other  animals,  and  most  naturalists  have  arranged  them  with 
the  intestinal  worms. 

§  562.  The  tegumentary  skeleton  of  the  Crustacea  presents 
in  general  a  ver}'^  considerable  consistence.  It  has  almost 
always  a  stony  hardness,  and .  encloses,  in  fact,  a  considerable 
portion  of  the  carbonate  of  lime.  One  may  view  this  solid 
envelope  as  being  a  kind  of  epidermis,  for  beneath  it  we  find 
a  membrane  (t,  Fig.  427)  resembling  the  dermis  of  superior 
animals ;  and  at  certain  periods  the  hard  calcareous  envelope 
is  detached  and  thrown  off,  as  we  have  already  seen  the 
epidermis  of  reptiles  separate  itself  from  the  body,  and 
the  tegumentary  membrane  of  the  larvae  of  insects  moulting 
or  renewing  itself  several  times.  It  is  easy  to  understand 
the  necessity  of  these  moultings  in  animeJs  whose  whole 
body  is  enclosed  in  a  solid  case,  which,  as  it  cannot  grow 
proportionately  with  the  interior  structures,  would  pre- 
sent insurmountable  obstacles  to  their  development  if  it  did 
not  fall  or  was  thrown  off  at  the  moment  when  it  became  too 
small  to  lodge  the  body  conveniently;  thus  the  Crustacea 
change  their  external  covering  during  the  entire  period  of 
their  growth,  and  it  would  appear  that  most  of  these  animals 
increase  in  size  during  the  whole  of  their  lives.  The  manner 
in  which  they  throw  off  their  old  covering  is  very  singular ; 
in  general  they  contrive  to  leave  it  without  causing  the 
slightest  deformation,  and  when  they  quit  it  the  whole  sur- 
face of  their  body  is  already  covered  with  a  new  sheath ;  but 
this  is  still  soft,  and  only  acquires  its  necessary  solidity  at 
the  end  of  some  days. 

The  bodies  of  Crustacea  are  composed  of  a  series  of  rings 
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ore  or  less  distinct.    Sometimee  the  mostof  theiie  seementB 
«  fiimplj  articnlated  with  each  other,  and  have  a  tolerably 


Flff.  IIB.— The  LugonMe,  oi  Lobstsr. 

wide  range  of  mobilitj.     Sometimea  they  are  all  united  to- 
gether, and  can  be  distlnguiBhed  only  by  grooves  at  the  points 


424  ZOOLOGY. 

of  junction.  Finally,  at  other  times,  their  union  is  still 
more  complete,  and  it  is  only  by  analogy  that  the  zoologist 
is  induced  to  consider  the  segment  resulting  from  their  fusion 
as  composed  of  several  rings  rather  than  one.  There  results, 
as  might  be  expected,  very  wide  differences  in  the  general 
form  of  these  animals ;  and  if  we  compare  together  a  cloporte 
(Fig.  419)  or  wood  louse,  a  talitrus  (Fig.  146),*  and  a  crab 
(Fig.  420),  for  example,  one  might  be  led  at  first  sight  to 
believe  them  to  be  constructed  on  wholly  different  types ;  but 
a  deeper  study  of  their  structure  shows  that  the  composition 
of  their  tegumentary  skeleton  is  essentially  the  same,  and  that 
the  differences  depend  on  this,  that  the  greater  number  of  the 
rings,  completely  distinct  and  moveable  in  the  oniscus,  are 
united  to  each  other  in  the  crabs,  and  that  certain  analogous 
parts  do  not  present  in  these  two  genera  the  same  proportions. 

Thus,  in  the  oniscus  (Fig.  419) 
or  in  the  talitrus  (Fig.  146)  we 
find  a  distinct  head  (c),  followed 
by  a  thorax  composed  of  seven 
t^     ..'  ifLV^^^^^^^V~|i     ^     rings,  resembling  each  other  (^^  f^ , 

and  carrying  each  a  pair  of  limbs 
{p,j>p);  finally,  at  the  posterior 
part  of  the  body  we  find  an  ab- 
domen (ab),  formed  also  of  seven 
f     ^-J[/C^^!!NX^  segments,  whose   size  diminishes 

rapidly,  but  whose  form  is  nearly 
_  pp  the  dame  as  in  the  thorax.     In  a 

ab :.^'    ' ' '  crab,  on  the  contrary  (Fig.  420), 

Pig.419.— Cloporte  (Oniscus).    the  head  is  not  distinct  from  the 

thorax,  and  forms  with  all  this 
section  of  the  body  a  single  segment  covered  with  a  large  solid 
buckler,  named  shell  or  carapace;  finally,  the  abdomen  at  first 
escapes  the  sight,  because  it  is  folded  under  the  thorax,  and  is 
but  small.  Nevertheless,  it  is  easy  to  demonstrate  that  in  the 
crab,  as  in  the  oniscus,  there  exist  behind  the  head  seven  easily 
recognisable  thoracic  rings,  and  that  the  carapace  is  not  a  new 
organ  created  for  the  former,  but  merely  the  dorsal  portion  of  one 
of  the  rings  of  the  head  which  has  acquired  an  extreme  develop- 
ment, and  encroached  on  the  neighbouring  rings.  In  other 
animals  of  the  same  class,  the  general  form  of  the  body 
is  removed  still  further  from  those  of  which  we  have  just 

*  Onisoas  loonstra;  talitmis  :   Lat.    Of  the  genus   Ganunarina;  family, 
OammaruB. — B.  E, 
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spoken.     Thus  the  limnsdis  are  enclosed  between  two  oval 
bucklers,  unitM  together  after  the  manner  of  the  valves  of  the 

Zter ;  and  it  is  after  having  removed  this  moveable  cnirass, 
t  the  true  annalated  stnictare  of  their  bodies  is  observed 
(Pig,  433) ;  the  ojpriti,  aboundine  in  stagnant  waters,  pre- 
Bents  an  anaJo^as  disposition,  oiuy  the  ring?  of  which  tneii 
bodies  are  composed  are  still  more  difficult  to  be  recognised. 
Finally,  we  maj  cite  the  leni»a,  which  at  the  adult  age 
presento  the  strangest  forma  (Fig.  132,  133),  but  which 


Fig.  420.— The  Crab  (M»i»). 

when  joung  has  a  distinctJy  annulated  structure  (§  366). 
This  comparative  etady  of  the  t«gnmentAry  skeleton  of  the 
Crustacea  presents  a  great  interest,  in  I'enpect  of  physiolo- 
pcal  anatomy,  of  which  one  of  the  most  important  branches 
IS  ia  investigate  the  modifications  which  nature  causes  the 
same  organic  elements  to  undergo,  to  adapt  them  to  various 
uses,  and  to  create  with  analc^ons  or  bo^nologoiia  materials 
dissimilar  instruments;  but  the  limits  we  have  assigned  to 
these  lectures  do  not  admit  of  our  touching  at  greater  length 
on  this  subject. 

[The  question  here  mooted  by  my  friend  Mr.  Edwards,  em- 
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braces  nearly  the  whole  qnestioii  of  the  transcendental  anatomy, 
the  osAj  form  in  which  anatomy  and  zoology  become  a 
science.  The  following  observations,  reprinted  from  my  latest 
inquiries  into  the  laws  of  the  transcendental  in  zoology,  will 
sufficiently  explain  this  to  the  reader  :-r-* 

*'  By  dissection,  the  dead  are  analysed  or  reduced  to  certain 
assemblages  of  organs,  holding  relations,  often  mechanical,  to 
each  other.  They  all  perform  certain  functions,  some  of 
which  have  been  imperfedily  guessed  at ;  made  out  in  a  coarse 
way :  organs  of  locomotion  exist — bones,  ligaments,  joints, 
muscles,  or  flesh ;  organs  of  sensation,  and  thought,  and  will ; 
the  brain  and  spinal  marrow  •  the  nerves ;  organs  of  diges- 
tion and  assimilation,  the  stomach  and  digestive  tube,  and 
their  appendages;  lastly,  organs  of  breathing,  essential  to 
life ;  the  lungs,  by  which  we  draw  from  the  air  the  breath  of 
life.  Bloodvessels  acted  on  by  a  heart-  carry  the  blood  through 
the  frame.  Out  of  tliis  vital  fluid  the  body  is  constructed, 
repaired,  formed.  Now  if  we  select  any  one  of  these  organs,  or ' 
sets  of  organs,  we  shall  And  that,  in  one  shape  or  another,  it 
extends  through  the  whole  range  of  vertebrate  animals,  most 
probably  through  the  entire  range  of  animal  life,  but  under  a 
shape  or  form  no  longer  recognisable  by  our  senses.  A  few 
instances  will  suffice  to  explain  this.  There  is  no  occasion  for 
any  minute  or  technical  exposition  of  facts,  which  are,  as  it 
were,  on  the  surface.  Let  us  first  turn  our  attention  to  the 
skeleton.  Not  that  this  assemblage  of  levers  proves  bett^ 
than  any  other  set  of  organs  the  unity  of  structure,  the  unity 
of  organization  sought  to  be  superadded  by  the  Grerman  (and 
Slavonian)  philosophy,  to  the  unity  of  plan  laid  down  by 
Newton ;  I  do  not  even  think  so  well;  but  it  presents  mate- 
rials easier  to  be  handled,  easier  to  be  inspected,  obtained,  and 
understood. 

"  The  basis  of  the  skeleton  before  you,  whether  mere  animal 
or  man,  is  a  series  of  bones  jointed  or  articulated  with  ea^ 
other.  In  common  language  it  is  called  the  back-bone.  Yon 
see  how  violently  inaccurate  such  a  term  is,  when  applied  to 
a  series  of  bones  perfectly  distinct  from  each  other,  possessing 
most  of  them  a  distinct  mobility.  These  bones  we  call  ver- 
tebra ;  here  is  one  of  them.  When  studied  by  the  surgeon 
or  medical  man,  it  is  viewed  by  him  merely  as  a  portion  of 
the  skeleton;  to  the  philosophic  anatomist  it  becomes  the 
type  of  all  vertebrate  animals,  of  the  entire  skeleton,  limbs 

*  See.  the  S<ice$  of  Men;  a  Proffntent.    By  R.  Knox.    "Henry 'ELeaahaMt 
London. 


BASIS  OF  THE  TSANSCEKDEyTAL.  427 

and  head  inclnded ;  of  the  organic  world,  vertebrate  and  in- 
vertebrate. Carried  further,  it  possesses  the  form  of  the 
primitive  cell ;  of  the  sphere ;  of  the  universe. 

"  Now  look  at  this  bone  in  man — ^it  appears  simple,  but  it  is 
not  so.  Originally,  that  is,  in  the  young,  composed  of  many 
distinct  portions,  which  afterwards  unite  with  each  other,  but 
which  remaining  distinct  in  many  animals,  as  in  fishes,  proves 
to  us,  that  throughout  the  whole  range  of  animals  so  formed, 
the  vertebrse  do  not  really  differ  so  much  from  each  other  as 
might  at  first  appear:  that,  in  fact,  the  elements  forming 
them  seem  the  same  almost  numerically,  giving  rise  to  the 
well  grounded  belief,  that,  in  the  embryo,  the  elements  of  the 
skeleton  may  be,  afler  all,  the  same  in  every  animal.  From 
man  to  the  wh^de,  all  is  alike ;  one  theory  explains  all ;  one 
idea  or  plan  pervades  all. 

"  Let  us  trace  this  chain  of  bones  upwards  and  downwards ; 
see  how  downwards  (coccygeal  vertebrae)  certain  elements 
cease  to  be  developed,  or  do  not  grow :  still  the  plan  is  the 
same ;  identical ;  analogous,  as  regards  the  individual,  that  is, 
repeated ;  homologous  or  identical,  as  regards  one  animal 
compared  with  another.  Look  to  this  section  of  the  skeleton, 
called  the  head;  the  bones  seem  widely  different  from  the 
vertebrse ;  but  it  is  not  so.  They  are  merely  vertebrse,  re- 
peated, upon  a  larger  scale  as  may  be  required :  a  chain  of 
vertebrae  form,  then,  the  head  or  cranium.  These  great 
truths  we  owe  exclusively  to  the  illustrious  South  German 
and  Slavonian  schools  of  transcendental  anatomy ;  to  Oken  and 
Spix,  Aut^nrieth,  Frank,  Goethe,  and  a  host  of  others.  *  *  * 

"  A  vertebra  must  have  a  type ;  that  is,  a  plan,  sufficiently 
comprehensive  to  include  all  forms  of  vertebrse.  Now  where 
is  this  to  be  found  ?  Is  it  an  ideal  type  not  yet  discovered  ? 
Or  is  it  to  be  found  in  any  extinct  or  living  animal  P  I 
apprehend  that  it  may  or  it  may  not  have  been  found,  but 
this  in  no  way  interferes  with  the  principle  that  there  must 
be  a  type  laid  down  by  nature ;  eternal ;  equal  to  all  mani- 
festations of  form,  extinct  or  living,  or  to  come. 

"  But  the  discovery  of  such  a  type  could  only  be  made  were 
the  anatomy  of  all  animals  that  ever  lived  known  to  us; 
perhaps  not  even  then,  for  the  ftiture  must  be  wrapt  up  in 
the  past :  and  what  seems  to  us  noyv  a  mere  speck  of  bone,  a 
nucleus,  a  point  unimportant,  nay,  scarcely  discernible,  may, 
in  a  future  order  of  thmgs,  become  an  all-important  element. 
As  thus : — 

**  If  birds  did  not  exist,  we  could  scarcely  conceive  the  high 
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organization  to  which  the  third  eyelid,  in  man  a  mere  rudi- 
ment, attains  in  them.  Not  wanted  in  man,  the  organ  sinks 
to  its  rudimentary  and  scarcely  perceptible  condition.  Of 
essential  service  in  birds,  it  suddenly  acquires  its  seemingly 
highest  development.  Yet  the  orgam  was  always  present, 
rudimentary  in  one,  developed  in  the  other.  Let  us  take ' 
another  instance. 

"  The  adult,  or  gro^ni-up  man,  has,  as  you  all  no  doubt 
know,  three  bones  to  each  toe,  with  the  exception  of  the  first ; 
these  three  bones  are  connected  to  each  other,  and  to  the 
metatarsal  bone,  their  supporters,  by  three  joints.  In  the 
feet  of  birds  you  meet  with  four  or  five  bones  in  certain  of 
the  toes ;  and  it  might  seem  to  you  that  the  feet  of  birds 
were  formed  on  a  different  numerical  plan,  at  least ;  but  it  is 
not  so :  for  in  man,  as  in  birds,  each  digital  bone  is  formed  of 
two  elements,  or  distinct  bones,  at  first,  that  is,  in  the  young 
of  each :  as  the  bird  grows  up,  thej  remain  distinct — in  man, 
on  the  contrary,  they  unite — that  is  all.  The  arrangement  is' 
not  only  analogous,  but  homologous  or  identical,  in  the 
strictest  sense  of  the  terms. 

**  Again,  remember  that  a  thousand  similar  instances  might 
be  given  :  I  merely  select  a  few  of  the  easiest  understood. 

"  In  man  there  is  a  little  cartilage,  scarcely  perceptible, 
connected  to  one  of  those  bones  occupying  the  nostrils,  called 
turbinated  bones.  It  may  or  it  may  not  in  him  serve  any 
purpose ;  that  is  a  matter  of  pure  indiJSerenoe.  It  is  a  rudi- 
mentary and  a  useless  organ  seemingly.  Now,  mark  the 
extension  and  development  of  this  cartilage  or  organ  in  the 
horse — still  more  in  the  whale ;  in  the  horse,  where  it  most 
admirably  serves  to  shut  off  the  great  cavities  of  the  nostrils 
from  the  vestibular  cavities  in  front — thus  protecting  them 
from  foreign  bodies  :  in  the  whale,  acquiring  their  presumed 
highest  development,  these  cartilages,  now  grown  to  the 
size  of  bolsters,  return  after  breathing,  into  the  vast  nos- 
trils of  the  whale  from  which  they  had  been  momentarily 
withdrawn,  filling  them  up,  sealing  them  hermetically- against 
the  pressure  of  a  thousand  fathoms  deep  of  water,  which  they 
sustain  with  ease,  when,  plunging  into  the  vast  abyss  of  the 
ocean,  the  giant  of  nature  seeks  to  avoid  his  enemies. 

"  Let  us  now  briefly  reyiew  the  progress  we  have  made  in 
this  the  highest  of  all  analyses :  deepest  of  all  theories :  most 
important  to  man.  Man,  we  have  seen,  stands  not  alone,  he 
is  one  of  many ;  a  part  and  parcel  of  the  organic  world,  £rom 
all  eternity.    That  organic  world  is  the  product  of  secondary 
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causes.  Baring  his  growth  he  undergoes  numerous  meta- 
morphoses, too  numerous  even  for  the  human  imagination. 
These  have  a  relation  to  the  organic  world.  They  embrace 
the  entire  range  of  organic  life,  from  the  beginning  to  the 
end  of  time.  Nature  can  have  no  double  systems ;  no  amend- 
ments or  second  thoughts ;  no  exceptional  laws.  Eternal  and 
unchanging,  the  orbs  move  in  their  spheres  precisely  as  they 
did  millions  of  years  ago.  Proceeding,  as  it  were,  from  an 
invisible  point  endowed  witli  life,  he  passes  rapidly,  at  first, 
through  many  forms,  all  resembling,  more  or  less,  either  dif- 
ferent races  of  men  £rom  his  own,  or  animals  lower  in  the  scale 
of  being ;  or  beings  which  do  not  now  exist,  though  they  pro- 
bably once  did,  or  may  at  some  fixture  time.  When  his  develop- 
ment Ls  imperfect,  it  represents  then  some  form,  resembling  the 
inferior  races  of  men,  or  animals  still  lower  in  the  scale  of  being. 
Moreover,  what  is  irregular  in  him  is  the  regular  structure  in 
some  other  class  of  animals.  Take  for  example  the  webbed 
hand  or  foot  occasionally  found  in  man,  constant  in  certain 
animals — as  in  the  otter  and  beaver;  constant  also  in  the 
human  foetus,  that  is,  the  child  before  birth.  Take,  for  ex- 
ample, the  cuticular  fold  at  the  inner  angle  of  the  eye,  so 
common  with  the  Esquimaux  and  Pk>sjesman  or  Hottentot 
(the  corresponding  yellow  races  of  the  noHhern  and  southern 
hemispheres),  so  rare  in  the  European,  but  existing  in  every 
fcetus.  of  every  race.  Nor  let  it  be  forgotten  that  forms  exist 
in  the  human  fcetus  which  have  nothmg  human  in  them  in 
the  strictest  sense  of  the  term ;  that  the  foetus  of  the  Negro 
does  not,  as  has  been  stated,  resemble  the  foetus  of  the  Euro- 
pean, but  that  the  latter  resembles  the  former,  all  the  more 
resembling  the  nearer  they  are  to  the  embryonic  condition. 
Unity  of  structure,  unity  of  organization,  unity  of  life^  at  the 
commencement  of  time,  whether  measured  by  the  organic  world 
or  by  the  duration  of  individual  life."     This  is  the  law. 

The  relation  of  species  to  genus  also  merits  our  deepest 
attention.* 

"  My  first  observations  were  made  on  animals'  low  in  the 
scale  of  the  vertebrata — on  fishes,  in  fact.  I  selected,  as  I 
shall  presently  more  fully  explain,  the  natural  family  of  the 
Salmonidse,  as  the  one  to  which  I  had  given  most  attention. 
In  the  young  of  the  true  salmon  I  found  the  specific  charac- 
ters of  all  the  sub-families  of  the  genus  present ;  that  is,  red 
spots,  dark  spots  of  several  kinds,  silvery  scales,  proportions, 

•  See  * '  Memoirs  on  the  Philosophy  of  Zoology,"  in  The  Zoologist.    J.  Van 
Voorst,  London. 


430  ZOOLOGY. 

and  a  dentition  identical.  The  young  fish  before  me  was,  in 
fact,  a  generic  animal,  including  within  it  the  specific  charac- 
ters of  all  the  species  composing  the  natural  family.  To 
connect  this  generic' animal  with  any  species,  you  have  but  to 
imagine  the  disappearance  of  certain  characters  then  and. 
there  present.  Nothing  requires  to  be  added.  Take,  for 
example,  the  dentition — the  dentition  of  the  vomer,  to  which 
M.  Valenciennes  attaches  so  much  importance,  and  in  which 
he  has  endeavoured  to  discover  the  true  distinguishing 
characters  of  the  three  sub-families  into  which  that  distin- 
guished naturalist  subdivides  the  Salmonidse.  Look  at  these 
vomerine  teeth  in  the  young  of  any  of  the  species — that  is,  as 
I  view  it,  in  the  generic  animal,  and  in  the  adult  of  all  the 
species,  that  is,  in  the  animal  specialized — and  we  shall  find 
that  the  generic  animal  possesses  a  dentition  embracing  all 
the  characters  by  which  the  fully-developed  individuals  are 
afterwards  to  be  recognised.  But  it  is  the  young  alone  which 
comprises  all,  combines  with  the  anterior  group  of  teeth  (teeth 
of  the  chevron)  a  double  row  on  the  body  of  the  vomer,  which 
row,  becoming  in  due  time  single,  characterizes,  according  to 
M.  Valenciennes,  the  adult  of  the  sub-family  Forelle,  or,  dis- 
appearing altogether,  marks  the  true  salmon  when  adult,  the 
common  trout  growing  up  with  the  dentition  of  the  generic 
animal.  The  primitive  type,  then,  is  not  lost,  as  M.  Valen- 
ciennes seems  to  have  supposed,  but  is  retained  in  one  species 
at  least  of  the  natural  family.  As  with  the  dentition,  so  with 
the  coloration  and  proportions :  and  thus  the  law  of  genera- 
tion being  generic,  and  not  specific,  marks  the  extent  of  the 
natural  family,  its  unity  in  time  and  space,  the  fixity  of  its 
species,  the  destruction  of  some  and  the  appearance  of  others 
being  but  the  history,  not  of  successive  creations,  but  of  one 
development,  extending  through  millions  of  years,  countless 
as  the  stars  of  the  firmament. 

"  Look  now  at  the  colt  a  few  months  old  as  it  gambols 
through  the  fields,  and  say,  does  it  resemble  the  domestic 
animal  from  which  it  is  sprung,  in  colour,  proportions,  move- 
ments, attitudes?  Not  m  the  least.  Its  colour  is  a  rich 
deep  fawn,  to  be  found  only  amongst  the  wilde ;  in  its  pro- 
portions it  resembles  the  quagga  or  zebra,  and  as  it  canters 
along,  its  rocking-horse  motion  and  short  frisking  tail  recal 
to  the  mind  scenes  only  to  be  seen  in  Southern  Africa,  on  the 
plains  of  the  Koonap,  or  the  slopes  of  the  Winterbergen, 
where  roams  the  wild  horse,  to  which  this  young  of  a   do- 
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mestic  horse  bears  the  strongest  resemblance.  The  obvious  iu'^ 
ference  is,  that  even  in  animals  so  high  in  the  scale  of 
mammals  as  the  solidangula,  the  young  is  a  generic  animal^ 
including  in  it  the  colour,  proportions,  movements,  and  habits 
of  the  genus  or  natural  family,  of  all  its  species,  wherever 
placed,  and  representing,  more  especially  in  this  instance,,  a 
wild  species  of  that  family,  never  domesticated  nor  subdued 
by  man.  Even  here,  where  we  should  expect  specific  and 
other  influences  to  have  told  strongly  on  the  product — that  is, 
the  young,  we  find  the  generic  law  to  be  in  full  force,  and 
that  the  young  of  the  domestic  horse  resembles  a  species  pe- 
culiar to  another  region  of  the  earth.  The  natural  family, 
then,  of  the  solidungula  embraces  in  the  young  of  each  species 
all  the  forms  which  it,  the  genus,  can  or  has  assumed  on  the 
earth.  The  quagga  and  the  zebra  may  become  extinct ;  but 
their  forms  remain  in  the  generic  young  of  whatever  spe- 
cies still  Hves.  The  fossil  horse  belonged,  no  doubt,  to  the 
same  family ;  as  the  exterior,  is  lost,  the  precise  species  cannot 
now  be  determined.  That  he  belonged  to  any  species  now 
liying  I  do  not  believe ;  but  he  was  of  the  family,  and  may- 
appear  again.  Thus  the  successive  appearance  of  new  forms 
or  species  is  no  new  creation,  but  merely  the  development  of 
.forms  already  existing  in  every  natural  family.  The  extinc- 
tion of  species  which  has  gone  on  through  millions  of  years 
has  led  some  to  the  belief  that  nature  hastens  onwards  to  the 
extinction  of  life  on  the  globe.  It  is  possible ;  but  I  lean  to 
the  opposite  opinion,  believing  that  living  nature  will  have  no 
end.  That  wnich  has  been  may  be  again,  the  potentiality 
existing  in  every  species  of  every  natural  family  ;  and  to  this 
creed  point  the  infinite  afiiliations  of  germs,  not  confined  to 
natural  families,  but  extending  to  all  that  lives.  These  are 
speculations  on  which  I  do  not  enter.  Primordial  forms  are 
visible  in  all  germs  ;  the  germs  themselves  must  be  eternal. 

"  If  we  inquire  into  the  law  of  generic  forms  lower  in  the 
scale,  as  in  fishes,  to  which  I  have  just  alluded,  we  find  still 
stronger  confirmation  of  the  point  I  now  seek  to  determine. 
The  natural  family  of  the  Salmonidae,  as  the  one  with  which  I 
am  best  acquainted,  was  that  fixed  on  for  the  inquiry.  Look  at 
the  young  salmon  when  but  a  few  inches  in  length,  and  you 
will  find  that  in  its  dentition,  colouring,  and  proportions,  it  is 
not  a  specific  animal,  but  a  generic — i,  e,  it  possesses  (and  is 
therefore  perfect)  all  the  natural  history  characteristics  of 
the  three  sub-families  into  which  the.  Salmonidse  have  been 
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divided.  At  first,  for  example,  its  dentition  ja  the  type  of  the 
commoD  trout;  as  it  grows  it  assumes  the  chariictei'  which 
we  find  to  prevail  in  some  of  the  Forelle  or  sea  trout.  Lastly, 
it  as»uiiiea  the  true  salmon  dentition ;  but  tliat  which  espe- 
cially merits  attention  is,  that  the  original  type  of  the  generic 
being  is  of  a  character  so  ample  as  to  embrace  all  possible 
forms  which  the  deotition  can  wouine  in  any  species  of  that 
natural  family.  fTothiog  is  nantins' ;  nothing  new  appears : 
nothing  has  to  be  supplied ;  all  is  loreseen ;  ul  provided  for. 
To  institute  a  species,  all  that  is  required  is  to  omit,  or  caase 
to  disappear,  or  cease  to  grow,  some  part*  of  the  oi^pn  or 
apparatus  already  existing  in  the  generic  being.     In  every 


uatura]  family  there  is  a  species  which  bears,  U)  the  generic 
animal,  that  is,  to  the  young,  a  stronger  resemblance  than  any 
other.  In  the  Sabncmidie  it  is  the  common  trout  of  fresh- 
water rivers,  but  there  may  be  others.  In  the  aolipede  it 
seems  to  be  the  quagga  of  Southern  Aftioa." — R.  K.] 

§  563.  The  lateral  appendages  of  tbe  various  rings  con- 
stituting the  body  are  in  general  very  numerous,  and  present 
also  considerable  differences  in  their  conformation  and  their 
uses,  whether  we  consider  them  in  the  various  parts  of  the 

froEoDgitioD  of  Ibe  cantp4c«;  a,  evsH ;  pni,  eilerDol  liiDb.jaw :  p'.  thorscte 
nb  uf  the  Aral  piir ;  p'-,  IbonKK  limb  of  the  KCODd  pair ;  fp,  f>lH  nia- 
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aame  individual,  or  odinpare  them  in  distinct  Gpeciea.  Thoxe 
of  the  first  rings,  in  general,  have  relutions  b)  the  functions  of 
animal  Ufe,  and  carry  ajes  or  form  antenncc ;  the  following 
nurround  the  mouth,  and  serve  for  the  prehension  or  the 
division  of  the  food  (^,  122,  133);  those  of  the  middle  por- 
tion of  the  body  constitute  limbe  for  locomotion,  and  tho^e 
placed  still  further  back  have  verv  variable  ubcb,  but  serve  in 
general  for  respiration  or  reproduction  :  finally,  this  long 
leriea  terminates  generally  by  one  or  more  pairs  of  limbs, 
arranged  to  serve  as  fins. 

The  head,  or  rather  the  cephalic  portion  of  the  body,  carries 
the  eyes,  the  antennie,  and  the  buc<^  appendageii :  sometimes 
it  is  divided  into  several  distinct  rings,  as  in  the  squilii  or 
shrimps,  for  example  (Fig.  439)i  although  generally  it  presents 
no  such  separation,  being  formed  only  of  a  Bingle  segment, 
which  seems  to  represent  seven  rings,  confounded  together. 
Sometimes  it  is   moveable,   and   distinct  from   the   thorax 
(Fig.  419);  at  other  times,  on  the 
contrary,  it  is  united  to  this  second 
portion  of  the  hody,  which  in  its 
tnm  is  composed  in  certain  species 
of  rings  articulated  t«^et^er,  but 
distinct;  in  others,  united  into  a 
single  mass. 

The  antennie  are  almost  always 
composed  of  two  pairs,  and  oonsti- 
tute  in  general  very  elongated  fili- 
.  form  horns,  or  what  at  least  re- 
semWesthem.  The  limbs  are  am- 
nected  in  pajie  with  the  different 
thoradc  rings ;  there  are  frequently 
seven  pairs:  in  the  vioporte  (Fig. 
419),  the  crevettcs  (prawns  of  rivu- 
lets), and  the  talytn,  for  example; 
but  at  other  times,  as  may  be  seen 
in  the  crabs  (Fig.  420)  and  the 
kirevisses  (craw-fish,  lobsters.  Fig. 

122),  their  number  is  reduced  fii  Fig.^s.— Hippe(Hippa). 
five   pairs    only;   for   the    apjjen- 

di^es,  which  in  the  first  case  formed  tl  i  u  ante  o  I  n  b 
are  tiien  turned  to  other  uses,  and  trans!  rmed  to  g  n 
of  mastication.     There  exist  also  ve  j  «t  at  d  ff  n 

their    structure;    in   some  crustacea  they   are  whoUj   fol 


aceoua,  membranons,  and  excluHively  adapted  for  a 
(Fig.  432);  in  others  they  havu  the  form  of  ama]!  flexed  (like 
elbows)  columns,  articalated,  and  disposed  odI;  for  walking; 
in  others  still,  beaidca  remaining  adapted  for  this  kind  of 
locomotion,  they  become  suited  to  art  as  bo  many  small 
spades  wberewith  to  dig  the  earth,  and  in  that  case  they  ara 
enlarged  and  hunellated  towards  the  extremity  (Fig.  423) ; 
and  still,  finally,  in  others,  thej  terminate  in  forceps,  and 
become  instruments  of  prchenaiuc,  fulfilling  at  the  same 
time  their  ordinary  functions  of  instruments  of  locomotion 
(Fig.  122).     In  the  ewimmiiig  Crustacea,  such  as  the  craw- 


Fig.  123.— Kemnii  Sjitem  of  >  Crab :  Uia  Mhs  * 

fish  and  lobster,  the  langouate  (Fig.  418),  the  paUemons 
(Fig.  421),  &c.,  the  abdomen  presents  in  general  a  con- 
siderable development,  and  Urminates  by  a  la^e  fin,  so  as  to 
become  the  principal  oi^an  of  locomotion ;  but  in  those 
intended  to  walk  more  than  they  swim,  it  i^  in  general  very 
small,  and  folded  uoder  the  thorax :  in  the  craba,  uir  example, 
this  portion  of  the  body  is  reduced  almost  to  nothing,  and 
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constitutcB  then  a  moveable  apron  placed  on  the  lower  fiiirface 
of  the  bodj  between  the  limbs. 

§  564.  The  nervous  Bjst«ni  is  composed  of  a  double  serieii 
of  ganglions,  situated  on  the  ventral  aspect  of  the  body  near 
the  median  line.  Their  number  corresponds  in  general  to 
that  of  the  distinct  segmentR  of  which  the  body  is  composed, 
and  those  of  the  tirat  pair  are  always  lodged  in  the  head  or  in 
front  of  the  gullet,  where  they  constitute  a  sort  of  brain 
(Fig.  423,  c)  ;T)ut  tie  arrangement  of  the  ganglions  of  the 
thorax  and  abdomen  varies  much ;  sometimes  they  are  at 
equal  distances  from  each  other,  and  form,  with  their  cords  of 
communication,  a  chain  extending  from  one  extremity  of  the 
body  t«  the  other ;  sometimes  they  approach  each  other  more 
or  lesa,  and  sometimes  they  are  altogether  reuoited  into 
a  mass  situated   towards   the  middle   of  the   thorax   (Fig. 


Pig.  424.— Podopthalmna, 

423,  t).  It  ought  also  to  be  observed,  that  the  uen- 
ttalization  of  the  nervous  system  becomes  more  and  more 
complete  in  proportion  as  the  animal  risesi  in  the  scale  of 
bein?  or  acquires  a  more  elevated  organization.  Moreover, 
all  t£e  Crustacea  have  very  limited  faculties,  and  none  amongst 
them  present  much  interest  in  respect  of  their  habits.  The 
^68  are  formed  pretty  nearly  as  in  insects.  Sometimes  they  are 
simple ;  but  generally  they  are  compound  or  composite,  and  in 
all  the  more  periect  ranistacea  they  are  carried  on  moveable  pe- 
duncles (Fig.  424),  an  arrangement  not  found  in  any  of  the 
other  divisions  of  this  great  class  of  articulated  animws. 

In  many  Crustacea  there  exists  also  an  oi^an  of  hearing, 
sitnated  at  the  base  of  the  external  antenna  (Fig.  425),  com- 
posed of  a  small  membrane  resembling  a  membfana  tym- 


fiani,  above  which  is  found  a  kind  of  vestibnle  filled  with 
tquid,  and  enclosing  the  termination  of  a  special  nerve. 
Nothing  18  for  certtun  known  reBpecting  the  faculties  of  smell 
and  tafite  in  these  animals. 

§  665.  Most  Crustacea  lire   on  animal   substances;    but 
they  offer  great  differences  in  their  regime;  some  live  only  " 
on  liquid  matters,  others  on  solid  food,  and  differences  are 
observable  in  the  construction  of  the  mouth,  corresponding 


to  their  vaiied  circumstances.  In  the  masticating  crusUicea 
there  is  before  the  inouth  a  short  transverse  lip,  followed  by 
a  pair  of  mandibles,  a  lower  lip,  one  or  two  pairsof  jaws,  pro- 
perly BO  called,  and  in  general  one  or  three  pairs  of  auxiliaries 
or  Itinb-jaws,  serving  chiefly  for  the  prehension  of  the  food 
(Fig.  123).  In  the  Crustacea  which  live  by  suction,  we  find, 
on  the  contrary,  the  mouth  prolonged  into  a  hind  of  beak  or 

Eroboscis,  resembling  those  insects  whose  habits  are  analogous, 
n  the  interior  of  this  tube  are  slender  pointed  appendages, 
performing  the  functions  of  small  lancets,  and  on  either  side 
we  find  generally  organs  anal<^us  to  the  auxiliary  jaws  of 
the  grinding  Crustacea  (eruslacees  broyeurs),  but  which  are 
formed  to  enable  the  animal  to  fix  on  i^  prey. 

§  566.  The  digestive  canal  extends  irom  the  head  to  the 
posterior  extremity  of  the  abdomen,  and  is  composed  of  a  very 
short  gullet,  a  large  stomach  («,  Fig.  427),  armed  in  general 
internally  with  powerful  teeth,  a  slender  inteBtJne,  and  a 
rectum.  In  some  Crustacea,  the  bile  is  secreted  by  biliary 
vessels  sufficiently  resembling  those  of  insects ;  but  in  general 

*  Anterior  poriJOQ  of  the  inneTInrfKaoTthe  body  of  BCnh  (Miu)  :~^li, 


there  eiista  a  veiy  v<diiDimouB  liver  (^),  divided  into  Heveral 
lobes,  ftnd  compoaed  of  a  number  of  small  tubes,  tenniDating 
in  a  aU  de  tac,  and  grouped  aroand  a  rami^  eicretorj 


Fig,  406, — CircnUtaiy  AppkAtiu  of  &CrAb.' 

canal,  the  extremity  of  which  terminatea  on  each  side  in  the 
intestine  nnar  the  pylorus. 

§  567.  Nothing  is  known  of  the  manner  in  which  the 
chyle  passes  from  the  intestine  into  the  circulatory  apparatus. 
The  blood  is  colourlees,  or  slightly  bluish  or  hiac,  and 
coagnlates  readily.  This  liquid  is  set  in  motion  by  a  heart 
placed  on  the  median  line  of  tlie  back  (c,  Fig.  127),  and 
composed  of  a  single  cavity.  Its  form  varies,  and  its  con- 
tractions drive  the  blood  into  the  arteries,  by  which  it  is  dis- 
tributed to  all  parts  of  the  body.  The  veins  are  replaced  by 
the  lacunffi  which  the  various  organs  leave  between  them, 
and  which  are  lined  by  a  thin  layer  of  cellular  tissue;  they 
terminate  in  vast  sinuses,  situated  near  the  base  of  the  limbs 
(»,  Fig.  426),  and  from  these  cavities  the  Uoud  proceeds  to 
the  respiratory  organs,  then  returns  to  the  heart  by  dis- 
tinct conob)  named  branchio-cardiac  (c  h.  Fig.  426). 

§  668.  The  Crustacea  are  almost  all  essentially  aquatic 
animals :  thus  their  respiration  takes  place  almost  always  by 
means  of  branchin,  and  when  these  organs  are  wanting, 
it  is  the  skin  of  certain  parta  of  the  body  (most  generally  of 
the    limbs)   which   takes  their  place.     Thus  in  the  crabs, 

va,  T«Hel  CATrrlDp  the  vanouB  blood  \a  Iha  bruichie^  vi,  vhb«1  recpiTlng 
the  bJood  After  it4  pauage  through  the  cbpillary  network  of  the  brjucliiB ; 
t>fr,  bruH?hio-CATdi(H:  veHelB  -,  /,  arch  of  the  Aajics  \  it,  atemum  \  »,  ceUole 


brsDcbue  oongist  oi  a  coasiderable  number  ot  BnuUI  DvlmdeTS, 
dixpoaed  lUce  the  bristles  of  a.  brash,  or  of  small  lamella, 
piled  on  each  other  like  the  leavea  of  a  book.  These  or^ns 
are  fiied  by  their  extremity  to  the  inferior  margin  of  the 


Fig.  U7.— AsBtomr  of  the  Crikb  (TourMu).* 

•  The  (r»l«r  puit  of  the  ouvpue  hu  Iwen  lemoied :— (,  portjon  of  tbc 
oatftnHuB  memMUJA  linjag  the  oftrapKe ;  c,  the  bevt  i  ao,  ophth&liiuD 
utarr !  dd,  ibdomiiwl  KTlwf  1  C,  bruichiiB  in  their  lutunlpodljani  f, 
branchue,  rBrersed  eiterakll]',  to  uow  their  *ffer«Dt  tahvIb  j  jf,  Arch  of  the 
Buuii:/,  flibsllifoniatippendii,  ar«ii«uit*iiioftbeU]Iib-Uwii  (.itttnuehi 
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arch  of  the  flancs  (Figs.  426  and  42S),  and  are  endosed  in 
two  lar^  cavities  situated  on  tiie  sides  of  the  thorax,  and 
comprised  between  tiie  canqtace  and  the  aich  of  which  we 
have  just  spoken,  an  arrangement  which  does  not  ocuur  in  any 
other  animal  of  this  class.  The  respiratorj  cavitj  communi- 
oates  externally  bj  two  openings;  the  one  serring  tor  the 
entrance  of  the  water,  almost  alwaje  situated  between  the 
base  of  the  limbs  and  the  edge  of  the  carapace  (r.  Fig.  425), 
the  other  destined  for  the  escape  of  this  liquid  is  placed  at  the 
sides  of  the  mouth.  Finally,  the  renewal  of  the  water  on 
the  surface  of  the  branchis  is  caused  by  the  movements  of  a 


Pig.  iS9. — ReapLT^toTj  Appuatiu  of  a  Piklniion.* 

lai^  valvnle  situated  near  this  latter  opening,  and  formed  by 
a  lamellated  appendii  of  the  jaws  of  the  second  pair  (c,  F^. 
123;  1,  Fig.  428).  In  other  Crustacea,  the  squilu  {shrimps) 
for  example  (Fig.  4^9),  the  branchis  have  the  form  of 
bunches  of  feathers,  and  in  place  of  being  enclosed  within  the 
thorax,  float  freely,  oxtemBliy,  and  are  attached  to  the  abdo- 
minal limbs ;  in  others,  still,  as  in  the  creveltei  det  ruisieaua 
(prawns  of  rindets)  and  the  lalytri,  they  are  formed  of  mem- 


f,  baH  of  the  vata 

vm;  d,dott«d  tine, ' 

r ,iM"liich  oovera  tL. _, . 

be«n  mnorad  iv  tbu  prepAratioD ;  h,  efferent  ouial  of  the  respinUioq 
ndinle ;  j,  Bitremity  of  the  effonnt,  or  eipirablry  omal. 


*  a,  TDitnim;  fr,(»rapaoe;  ,  , 

0,  beae  of  the  limbs; /',  broacbue;  d,dotted  tine,  pointiDg  out  theinferloredg« 
of  tJiat  ponioD  of  the  oarapaoe  which  t^a^^n  the  bfAnahift,  and  which  haa 
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branous  venickB  fixed  to  the  base  of  the  limbs,  under  the 
tborax ;  and  theee  perform  the  fonctions  of  Wncliue.  FinoUj, 
in  the  cmstacea  isopoda,  respiration  is  accompliehed  bv 
means  of  iaUe  abdominal  limbs,  which  are  foUaceoua  and 
membranoDs. 


K(.  U8.— Squill  (Shrisipl.* 

§  569.  There  esiets  a  very  small  namber  of  these  anioials 
nhicb  live  in  wr;  but  they  form  an  eiception  to  what  we 
have  already  »iud  relative  to  the  differences  of  structure  of 
the  respiratory  apparatus  in  aquatic  and  terrestrial  animals: 
for  in  place  of  being  furnished  with  luneg  or  tracheie,  liey 
breathe  by  branchite,  like  the  first ;  only  these  oi^ans  are  dis- 
posed in  such  a  way  as  to  maintain  themselvex  in  a  moist 
stat«,  required  for  the  eieicise  of  their  functions.  The  ge- 
carcins  or  land  crabs  (Fig.  430).  met  with  in  various  regions  of 
the  globe,  but  abounding  especially  in  the  Antilles,  where 
they  are  known  by  the  name  of  t<mrl<mrouf,  present  a 
remarkable  example  of  this  anomaly.  In  place  of  living  in 
water  an  the  ordinary  crastaiea,  they  are  terrestrial,  and 
although  they  have  ^lls,  some  of  them  become  asphyxiated 
rapidly  by  Bubmersion.  Their  respiration  is,  in  fact,  too 
active  for  the  small  quantity  of  oxygen  dissolved  in  water 
sufficing  fortheir  wants  ;  whilst  in  the  air,  they  of  course  find 
this  material  in  abundance;  and  a  dispositinn  analogous  to 
that  which  we  have  already  met  with  in  fishes  (Fig.  318),  per- 
mits them  to  remain  out  of  the  water  without  their  brancnite 
drying  up  so  as  to  become  anfit  for  the  performance  of  their 

*  p.  flj« ;  a,  ADtADUJD ;  p*,  liiubt  ot  th«  fint  pmir ;  p",  limbi  of  the  three 
falLDwiDgDiunt  p"',  thoncii^  limbfl  of  tbelhree  luC  pkira;  pa,  (Uh  abdo- 
miDAl  luaDB;  bf  brudus ;  j.  caudal  fln. 
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functions.  Sometimes  there  exists  at  the  bottom  of  the  respi- 
ratory cavity  a  sort  of  trough,  destined  to  act  as  a  reservoir 
for  the  water  required  to  maintain  their  branchiae  in  a  moist 
state ;  at  othdr  times,  we  find  on  the  arch  of  this  cavity  a 
spongy  membrane,  which  seems  to  serve  the  same  purpose. 
Most  of  these  land  crabs  live  in  moist  woods,  concealing  them- 
selves in  holes,  which  they  dig  in  the  sml,  but  the  lucaliticH 
they  prefer  vary  accordmg  to  the  species;  some  live  in 
low  marshy  grounds  near  the  sea;  others  prefer  wooded 
hills  far  from  the  seashore,  and  at  certain  epochs  these  last 
quit  their  usual  place  of  abode  to  reach  the  sea* 

The  cloportes  (Fig.  419)  are  also  terrestrial  Crustacea, 
whose  aerien  respiration  is  accomplished  by  means  of  foliaceous 
laminae  situated  under  the  abdomen,  and  which,  in  other 
animals  formed  in  the  same  way,  perform  the  functions  of 
branchiae. 


Fig.  430. — Q«carcin,  or  Land  Crab. 

§  570.  The  Crustacea  are  all  oviparous,  and  the  sexe^ 
almost  always  distinct;  but  some  are  hermaphrodite.  The 
female  may  in  general  be  distinguished  from  the  male  by  the 
greater  size  of  the  abdomen,  and  after  having  laid  her  eggs, 
she  carries  them  during  a  certain  time  suspended  under  that 
part  of  the  body,  or  even  enclosed  in  a  sort  of  pouch  formed 
of  appendages  belonging  to  the  limbs ;  sometimes  the  young 
are  produced  in  this  pouch,  and  remain  there  until  they  have 
passed  through  their  first  moulting.  The  young  in  general 
do  not  undergo  true  metamorphoses.     Sometimes,  however, 

*  Sach  are  the  ciroamataaces  which  render  difficult  all  minute  application 
of  the  Uws  regulating  the  structure  and  ftinctions  of  the  now  existing 
livinff  world,  to  the  remains  we  find  in  past  geological  epochs.  That 
which  seems  aquatic  Qiay  have  been  terrestrial,  and  viee  vend.  Not  that 
anatomy  is  at  all  doubtful  when  fully  known,  but  the  soft  structure  being 
destroyed,  we  want  a  valuable  element  in  the  inquiry.— R.  K. 
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they  acquire  by  the  progress  of  age  a  greater  number  of  limbs, 
and  there  are  some  which  completely  change  their  form 
during  the  early  periods  of  life;  the  lemese  offer  us  an 
example  of  this  transformation  (Fig.  132). 

§  671.  The  class  Crustacea,  amongst  which  we  must 
arrange  the  cirrhopoda,  placed  by  many  naturalists,  but  erro- 
neously, amongst  the  mollusca,  is  divided  into  five  principal 
groups,  namely, — 

The  podophthalmaria,  which  have  the  eyes  carried  on 
moveable  peduncles,  the  anterior  portion  of  the  body  fur- 
nished with  a  carapace,  ambulatory  limbs,  the  mouth  armed 
with  jaws  disposed  for  mastication,  and  the  organs  of  respi- 
ration formed  of  branchiae,  properly  so  called. 

The  edriophthalmia,  whose  eyes  are  not  pedunculated,  the 
thorax  exposed,  the  ambulatoiy  limbs,  the  masticatory  buccal 
apparatus  and  the  branchise  replaced  by  a  portion  of  the 
series  of  the  limbs. 

The  branchiopoda,  in  which  the  limbs  are  all  foliaceous, 
and  perform  at  the  same  time  the  functions  of  fins  and 
branchiae. 

The  entomostraca,  in  which  the  limbs  are  natatory  but 
not  branchial,  and  in  which  the  mouth  is  usually  organized 
for  suction.  Finally,  the  Xiphosuri,  in  whom  the  mouth  has 
no  appendages  which  especially  belong  to  it,  but  is  sur- 
rounded with  limbs,  the  base  of  which  performs  the  Unctions 
of  jaws. 

["  When  I  first  made  the  discovery  that  the  vendace,  the  her- 
ring, and  many  fine  species  of  the  salmonidae,  live  almost 
•exclusively  on  various  kinds  of  the  entomostraca,  the  view 
was  violently  contested  by  naturalists ;  and  although  the  facts 
submitted  to  them  admitted  of  no  sort  of  doubt  to  this  day 
I  have  not  overcome  their  prejudices.  The  history  of  my 
inquiry  was  afterwards  taken  up  by  my  former  student  and 
assistant,  Mr.  Henry  Goodsir ;  and  his  remarks,  as  those  of 
an  honest  and  careful  obseiTer,  may  be  found  agreeable  to  the 
reader. 

"  Hearing  our  fishermen  often  speal^  of  *  something*  which 
abounded  in  great  quantities  in  the  Firth  of  Forth  durine  the 
summer  months,  which  they  called  Maidre,  and  of  wnich 
they  never  could  give  me  a  clear  description,  I  determined  to 
examine  it  for  myself. 

"  It  was  stated  to  me  that  this  maidre  was  generally  found 
in  greatest  quantity  round  the  Island  of  May,  onli^  during 
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the  summer  months,  and  especially  during  the  time  of  the 
herring-fishing. 

"  I  find,  however,  that  maidre  must  abound  during  the 
spring  months  also,  as  the  stomachs  of  the  herrings  caught 
a^  present  are  in  most  cases  fiUed  with  it. 

'^  In  frequent  excursions  to  the  Isle  of  May,  during  last 
year,  I  found  that  the  maidre  consisted  of  one  immense  con- 
tinuous body  of  minute  animals. 

"  The  ammals  composing  this  immense  body  were  those 
belon^ng  to  the  cirripeds,  crustaceans,  and  acalepha. 

'*  Of  these  the  crustaceans  existed  in  the  greatest  numbers, 
or  rather  masses,  for  it  gives  a  faint  idea  to  speak  of  num- 
bers. The  Crustacea  were  amphipoda  and  entomostraca,  the 
former  of  which  were  very  abundant,  but  the  latter  (entomos- 
traca) formed  the  greatest  proportion  of  this  innumerable 
body  of  animals. 

"  The  acalepha  also  aboimded,  of  which  the  different  spe- 
cies of  berooe  were  seen  in  greatest  numbers. 

'*  1  remarked  that  the  masses  of  maidre  abounded  most  at 
the  sheltered  sides  of  the  island.  On  looking  into  the  water, 
it  was  foimd  to  be  quite  obscured  by  the  moving  masses  of 
entomostraca,  which  rendered  it  impossible  to  see  anything, 
even  a  few  inches  below  the  surface. 

"  But  if  by  chance  a  clear  spot  is  obtained,  so  as  to  allow 
the  observer  to  get  a  view  of  the  bottom,  immense  shoals  of 
coal-fish  are  seen  swimming  lazily  about,  and  devouring  their 
minute  prey  in  great  quantities.  Occasionally  small  shoals 
of  herrings  are  seen  pursuing  them  with  greater  agility.  It 
is  in  the  deep  caverns,  however,  in  the  sides  of  the  island, 
where  the  maidre  is  found  in  greatest  abundance ;  and  accord- 
ingly, we  find  that  all  those  animals  pursuing  them  are  found 
there  in  greater  abundance  also. 

"  The  fishermen,  during  the  earlier  periods  of  the  fishery, 
take  advantage  of  this,  and,  shooting  their  nets  across  the 
mouths  of  the  caves,  alarm  the  herrings  in  them,  either  by 
throwing  large  stones  from  their  boats  or  from  the  tops  of 
the  rocks,  and  in  this  way  sometimes  succeed  in  taking  great 
shots. 

"  These,  however,  are  not  the  only  animals  which  prey  on 
the  immense  bodies  of  maidre, 

"  Great  numbers  of  cetacea  often  frequent  the  neighbour- 
hood of  the  island  at  this  time;  droves  of  dolphins  and  por- 
poises, swimming  about  with  great  activity ;  and  occasionally 
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an  immenRe  rorqual  may  be  seen  raising  his  enormous  back 
at  intervals  from  the  water,  and  is  to  be  observed  coursing 
round  and  round  the  island. 

*'  I  have  examined  great  numbers  of  these  cetaceous  animalg 
(dolphins  and  porpoises)  within  the  last  few  years,  and  never 
have  seen  anytning  resembling  the  remains  of  herrings,  or 
fish  of  any  other  kind,  in  the  stomach,  although  the  rormer 
fish  was  very  abundant  at  the  same  time  in  the  Firth.  I 
make  no  doubt,  therefore,  that  the  cetacea  only  accompany 
the  herring  in  pursuit  of  their  common  food,  viz.,  entomos- 
traca  and  acalephsB. 

"  I  have  already  stated  that  it  was  entomostraoous  animals 
which  formed  the  great  mass  of  the  maidre.  Among  these 
I  obtained  a  great  number  of  nondescript  species,  one  of 
which  I  shall  now  describe. 

"  On  one  of  my  occasional  visits  to  the  Isle  of  May,  I  ob- 
served that  at  a  considerable  distance  from  the  island  the  sea 
had  a  slightly  red  colour,  that  this  became  deeper  and  deeper 
as  we  neared  the  island ;  and  also '  that  the  surface  of  the 
water  presented  a  very  curious  appearance,  as  if  a  quantity  of 
fine  sand  were  constantly  falling  on  it.  I  thought  at  first 
that  this  last  circumstance  proceeded  from  rain,  but  presently 
I  found  that  both  phenomena  were  caused  by  a  great  number 
of  small  red  entomostraca,  which  I  had  never  before  observed 
in  such  abundance.  On  further  observation,  I  found  that  it 
belonged  to  the  genus  Oetochilus  of  M.  Rousel  de  Yauzeme, 
who  has  given  a  detailed  description  of  his  species  (C.  Aus- 
tralis),  the  only  one  hitherto  known,  in  the  first  vol.  of  the 
Annates  des  Sciences  Naturelles,  This  author  states,  that 
it  is  found  in  the  Pacific  Ocean,,  and  in  the  middle  of  the 
Atlantic  Ocean,  about  40^  degrees  south  latitude.  It  forms, 
he  says,  very  extensive  banks,  which  impart  a  red  colour  to 
the  water,  and  which  fiimish  a  plentiful  supply  of  food  to  the 
whales  frequenting  those  seas." — R.  K.] 

§  572.  The  division  of  podophthalmaria  comprises  the 
greater  number  of  Crustacea,  and  is  composed  of  all  those 
whose  organization  is  the  most  complex  and  the  most  perfect. 
It  is  subdivided  into  two  orders,  the  d^capoda  and  the 
stomapoda. 

§  573.  The  order  of  the  decapoda  comprises  the  crabs, 
lobsters,  and  all  the  other  Crustacea  in  whom  the  branchiae 
are  internal,  and  in  whom  the  limbs  are  five  pairs  in  number. 
The  head  and  the  thorax  of  these  animals  are  confounded 
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into  a  mass  Covered  by  a  large  carapace  or  case  (Fig.  431) ; 
this  dorsal  buckler  advances  in  general  more  or  less  in  ftont, 
descendii  on  each  side  to  the  base  ol  the  limbs,  and  backwards 
as  tttrastheoriginofthe  abdomen  (Figs.  418,421).  It  results 
from  tbis  anranKcment  that  we  can  no  lunger  recognise 
throughout  all  this  part  of  the  body  any  trace  of  an  annular 
division;  but  beneath,  most  of  the  rings,  although  united 
together,  are  still  recognisable,  and  leave  at  their  poinbt  of 
j  unction  the  iinss  of  suture,  more  or  less  distinct.  The  eyetf 
are  nlways  carried  on  the  extremities  of  a  pair  of  moveable 
appondi^s  which  spring  from  the  first  »e^cnt  of  the  head ; 
sometimes  the  length  of  their  peduncle  ts  very  considerable 
(Fig.  424),  and  in  general  they  may  be  folded  or  withdrawn 
into  the  cavities  performing  the  office  of  orbits,  and  which  are 
formed  by  the  anterior  margin  of  the  carapace,  shell,  or  case. 
The  organs  of  locomotion  are  also  very  well  developed  in  these 
erustacea;  sever^  can  run  with  extreme  rapiaity,  others 
swim  still  more  swiftly.  Their  limbs,  as  we  have  already 
said,  are  five  pairs  in  number,  fixed  to  the  live  last  rings  of 


Fig.  431.— Crsbe  TonrWMi  (C.  P»gonu). 

the  thorax ;  but  in  general  those  of  the  four  last  pairs  alone 
serve  for  locomotion,  and  those  of  the  first  pair  terminating 
in  a  forceps  more  or  less  perfect,  become  instrumenta  of  pre- 
hension (Tig.  431).  In  the  decapoda,  the  best  adapted  for 
swimming  (such  as  the  craw-fiah,  the  lobster,  the  langonste, 
and  the  palemons),  the  body  is  elongated,  and  the  abdomen 
terminated  by  a  large  transverse  fin  (Fig.  418) ;  whilst  in 
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thotie, which  are  formed  for  ranning,  the  crabo,  for  example, 
the  abdomsQ  ih  very  Bhort,  has  no  torminat  £d,  and  is  curved 
undei'  the  thomi. 

§  674.  The  Htomapoda  have  also  the  eyes  carried  on  move- 
able peduncles,  the  thdrax  covered  entirelv  or  partly  bj  a 
carapace,  and  the  limbs  cylindrical;  but  their  branchiie  are 
not  enclosed  in  the  cavities  of  the  thorai,  but  float  under  the 
abdomen,  cjt  are  altogether  wanting.  The  squiUa  {Fig.  429), 
of  which  we  have  already  spoken,  belongs  t^i  this  order. 


§  575.  Ill  the  division  edriopthalmia,  the  head  is  distinct 
from  the  thorai,  and  this  last  part  of  the  body  is  composed 
of  a  series  of  seven  rings,  each  carrying  a  pair  of  Lmbii. 
Thus,  as  we  have  already  said,  there  is  not  anv  carapace,  the 
eyes  are  not  pedunculated,  there  are  no  branchiie,  properly  so 
called,  bat  the  respiration  is  performed  by  means  of  variong 
appendages  borrowed  from  the  locomotory  apparatus.  Na- 
turalists arrange  under  this  group, 

1.  The  atnphipoda,  which  have  the  abdomen  well  developed, 
and  carry  under  the  thorax  a  double  series  of  respiratory 
vesicles,  formed  by  the  internal  branchi«  of  the  limbs.  The 
prawns  of  rivulets  and  the  talytri  (Fig.  146)  offer  us  these 
characters. 

2.  The  lQ?modipoda,  which  resemble  the  precediiig  in  the 
disposition  of  the  organs  of  respiration,  but  which  have  only 
a  rudimentary  abdomen. 
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3.  The  isopoda,  in  whom  the  abdomen  is,  on  the  contrary, 
well  developed,  and  carries  beneath  a  series  of  false  branchial 
limbs.  The  anilocra  (fig.  432),  the  sphseroma,  and  the  class 
cloporte  (oniscus)  belong  to  this  order. 


Fig.  434.— Cyclops. 

§  576.  The  branchiopoda,  as  we  have  already  said,  are 
small  Crustacea,  whose  limbs  no  longer  serve  for  walking,  but 
assume  the  form  of  foliaceous  plates,  constituting  at  one  and 
the  same  time  organs  of  natation  and  respiration.  Such  are  the 
limnadiae,  which  have  been  already  mentioned  (Fig.  433),  the 
apis,  the  brauchipes,  the  daphnise.  It  is  to  this  group,  that 
the  trilohites  seem  to  have  oelonged :  marine  animals,  whose 
fossil  remains  are  found  in  the  most  ancient  strata  of  the 
globe,  but  of  which  there  exists  not  at  present  any  living  re- 
presentative in  the  seas. 

§  677.  The  entomostracA  are  also  formed  only  for 
swimming,  and  in  youth  they  all  possess  a  certain  number  of 
rigid  double-oared  Umbs;  out  in  the  adult  state  they  are 
mostly  sedentary,  and  then  the  body  becomes  deformed  in  a 
very  singular  manner ;  in  general  they  have  but  a  single  eye, 
placed  in  the  middle  of  the  forehead,  and  their  respiration 
seems  to  take  place  over  the  whole  surface  of  the  body. 

§  578.  Some,  called  copepoda,  are  always  very  active,  and 
possess  large  antenna;  and  a  masticatory  apparatus ;  these  are 
the  Cyclops,  or  monocles  (Fig.  434).* 

§  579.  Others  live  as  parasites,  on  fishes,  Crustacea,  <&c., 
and  have  the  mouth  elongated  in  the  form  of  a  proboscis  or 
beak,  armed  with  style-formed  appendages  adapted  to  pierce 
the  integuments  of  the  animals  whose  juices  they  suck.  They 


*  The  Entomostraca  play  an  important  part  in  the  g^^eat  economy  of 
nature.  They  form  the  especial  food  of  many  valuable  fishes  of  the  family 
salmonicUe,  cIupeadsB,  and  correeoni ;  and  it  is  evident,  from  the  remains  in 
the  limestone  strata,  that  they  abounded  in  the  seas  and  fresh  waters  of  the 
ancient  world. — B.  K. 
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have  been  divided  into  the  siphonostoma  and  the  Icmea ;  tlie 
first  have  alwajii  awimming  limbs,  and  attach  thenieelves  by 
means  of  limb-jaws  havin§^  the  form  of  hooks ;  the  set:ond,  on 
reaching  the  adult  age,  present  no  longer  any  tr&cea  of  loco- 
motor' organs,  ana  have  often  been  confounded  with  the 
intestinal  wormB." 

§  630.  It  is  also  in  this  division  of  the  entomostraca  that 
we  must  arrange  the  cirrhopoda,  which  at  first  si^ht  seem  to 
have  many  analogies  with  the  moltuaca,  more  so  indeed  than 
with  animals  of  the  class  we  now  describe ;  but  in  fact  they 
are  only  Crustacea  with  the  body  deformed  ailer  thej  have 


ceased  to  lead  a  wandering  hfe.  When  young,  these  small 
beings,  which  are  all  marine,  swim  freely,  and  resemble 
extremely  oerbun  ordinary  entomostraca,  such  as  the  young 
cyclopa  (Pig.  135) ;  but  soon  afterwards  they  become  fixed, 
■  A  apecioB  of  lemea  BtUckfl  the  eUb  of  t^e  hbItudd  daring  itfl  rwdnHW  in 
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SO  long  as  their  life  endures,  to  some  submarine  body,  and 
completely  change  their  form.  It  is  by  the  back  that  they 
thus  adhere,  and  their  body,  more  or  less  pyriform  and 
curved  on  itself,  is  enclosed,  in  whole  or  in  the  greater  part, 
in  a  kind  of  shell,  composed  of  several  pieces  (Fig.  435). 
They  have  no  eyes,  and  their  mouth  is  furnished  with  man- 
dibles and  jaws  having  the  strongest  resemblance  with  those 
of  certain  Crustacea;  the  abdominal  aspect  of  their  body  is 
occupied  by  two  rows  of  fleshy  lobes,  having  each  long  horny 
appendages,  furnished  with  cilia,  and  composed  of  a  great 
number  of  joints.  These  kinds  of  arms  or  cirrhi,  numbering 
twelve  pairs,  are  curved  on  themselves,  and  the  animal  con- 
stantly protrudes  and  withdraws  them  by  the  opening  of  its 
sheath  or  case.  At  the  extremitv  of  this  series  of  organs  is 
found  a  kind  of  tail,  having  the  K>rm  of  a  long  fleshy  tentacle, 
at  the  base  of  which  is  tne  anus.  Their  nervous  system  is 
composed  of  a  double  chain  of  ganglions,  disposed  exactly  as 
in  the  other  articulated  animals.  They  have  a  heart,  lo^ed 
in  the  dorsal  part  of  their  body,  and  they  breathe  by  branchisd 
whose  form  varies. 

The  cirrhipoda  are  divided  into  two  families — the  anatifas 
and  the  balani. 

The  Anatifse  (Fig.  435)  (called  also  lepas  anatifera) — 
are  enclosed  in  a  kind  of  compressed  mantle,  open  on  one  side, 
and  suspended  by  a  long  fleshy  peduncle ;  sometimes  this 
mantle  is  almost  entirely  cartilaginous :  at  other  times  it  is 
covered  by  five  testaceous  plates,  of  which  the  two  principal 
ones  bear  some  resemblance  to  those  of  a  muscle.  The 
common  anatifa  dweUs  in  our  seas,  and  is  frequently  found 
attached  to  rocks,  to  the  keels  of  ships,  and  to  pieces  of 
floating  timber.  It  has  been  the  subject  of  most  absurd 
fables ;  some  coarse  resemblance  of  its  shell 
to  a  bird,  gave  origin  to  the  silly  tale,  that 
from  these  animals  came  the  goose  called 
barnacle. 

The  Balani  or  sea  glands  (Fig.  436)  abound 
on  the  rocks  of  our  seas,  and  are  contained 
wholly  in  a  kind  of  shell,  generally  conical, 
and  very  short,  fixed  by  its  base,  and  com-    pig.436.-Balanu8. 
posed  of  several  lappets,   articulated  with 
each  other :  the  o^iening  of  this  tube  is  occupied  by  two  or 
four  moveable  valves,  between  which  is  found  a  fissure  des- 
tined to  give  passage  to  the  cirrhi. 
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§  581.  Finally,  the  division  of  cmfltaeea   called    xiplio- 
HurB  is  composed  only  of  a  itin|^le  genus,  th&t  of  the  liraulua, 
whose  Btructure  is  moat  anomaloua.     These  are  lai^je  ctub- 
tocea,   whose  bodies  are  divided  inbD  two  parts ;   liie  firat, 
covered  by  a  seniioircuUr  buckler, 
has  eyes,  antennte,  and  six  piurs  of 
feet  surrounding  the  mouth,  which 
serve  at  the  same  time  for  walking 
and  for  mastication  (Fig.  121) ;  the 
I  second  portion  of  the  body,  covered 

by  another  buckler,  almost  tri- 
angular, carries  beneath,  five  pairs 
of  swimming  limbs,  whoseposterior 
aspect  is  covered  with  branohiie ; 
and  it  terminates  with  a  long 
«tylifbrm  ttdl.  These  singular  ani- 
mals inhabit  the  Indian  &ean  and 
the  coasts  of  America ;  they  are 
known  by  the  common  name  of 
Molucca  crabs. 

["  As  there  is  scarcely  a  subject 
more  interesting  in  natural  history 
than  that  part  of  it  which  treats 
of  the  various  metamorphoses  which 
alt  animals  undergo  in  their  pro- 
gressive growth  from  the  em- 
Fi(.  43;.— Limulua.  bryoniu    to    the    adult   condition, 

I  have  ventured  to  subjoin  the 
observations  made  on  this  subject  by  a  former  most  esteemed 
student  of  mine,  and  a  careliil  observer.*  They  refer,  no 
doubt, especially  to  theclass  cirrbipeds,  but  )nufiift>mi(<an(£ir 
apply  to  all.  In  my  late  inquiries  into  the  dentition  of 
the  salmon,  other  singular  facts  have  come  out,  plainly  dis- 

E roving  the  opinion  of  M.  YalencieDned,  that  '  Naturalists 
ave  only  to  do  with  the  adult  forms."  For  all  these  adult 
forms  or  species  are  included  in  the  history  of  the  young, 
as  I  have  proved  with  regard  to  the  salmonids ;  whilst  all 
transcendentalists  since  the  time  of  Goethe  and  Oken  have 
known  that  the  larva  conditions  of  many  living  species 
typify,  or  are  types  of,  adult  forms  or  species  now  estinct; 
that  is,  of  the  adult  forms  of  the  fossil  world.  Thus  it 
is  that  the  history  of  the  organo- genesis,  of  the  metamor- 

*   Mt.  Henr;  Ooodeir,  Id  Ilie  EdiKbur^k  FliiloiopluaU  Jiwmaf, 
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phoses  of  the  young,  elucidates  the  history  of  the  organic 
world,  past  and  present,  connecting  them  together  into  one 
great  whole,  the  accomplishment  of  one  vast  design.  The 
laws  of  deformation,  even  in  man,  are  as  yet  but  litue  under- 
stood. One  thing  is  certain;  namely,  that  for  the  future 
zoology  cannot  be  based  on  any  exclusive  method  or  miode  of 
research,  out  must  seek  for  its  illustrations  and  views  in  the 
entire  range  of  descriptive  and  philosophical  anatomy,  to 
which  must  be  superadded  the  careful  observation  of  external 
characters.     Here  are  Mr.  Goodsir's  remarks : — 

'  There  is  no  set  of  animals  which  has  caused  greater  annoy- 
ance to  systematists  than  the  cirrhipeda. 

*  They  were  first  arranged  by  Linnaeus  along  with  the  tes*. 
taceous  moUusca.  Cuvier  at  first  followed  this  arrangement,, 
but  latterlv  placed  them  in  a  distinct  class  by  themselves,, 
between  the  moUusca  and  articulata.  Lamarck,  Latreille, 
M*Leay,  and  other  authors,  followed  this  latter  arrangement ; 
the  two  last  authors  acknowledging,  at  the  same  time,  their 
closer  connexion  with  the  articulata. 

*  The  decision  of  this  important  question,  however,  was  left 
to  our  countryman,  Mr.  J.  V.  Thompson.  This  gentleman 
having  obtained  somQ  minute  mussel-like  animals,  at  first 
considered  them  to  be  nondescripts  belonging  to  the  crusta- 
ceans, but  on  a  ^rther  examination,  and  by  keeping  a  few  of 
them  alive  in  glass  vessels  of  sea^water,  he  was  soon  enabled 
to  make  out  their  nature  and  relations  satisfactorily.  To  use 
Mr.  Thompson's  own  words — *  They  were  taken  on  the  1st 
of  May,  and  on  the  night  of  the  eighth  the  author  had  the 
satisfaction  to  find  that  two  of  them  had  thrown  oflf  their 
exuvia,  and  wonderful  to  say,  were  firmly  adliering  to  the 
bottom  of  the  vessel,  and  changed  into  young  barnacles.' 
The  above-mentioned  statements  set  at  rest,  in  a  great  mea- 
sure, the  previous  discussions  as  to  the  position  of  the  cirrhi- 
peds  in  the  animal  kingdom. 

.  *  In  the  beginning  of  March  of  the  present  year  (1843),  while 
Professor  Keid*  ot  St.  Andrews  and  myself  were  watching  the 
movements  of  somevvery  large  balani  (Balanus  Tintinna- 
hulum),  we  observed  a  few  of  them  ejecting  with  considerable 
force  a  great  quantity  of  small  granules  every  time  the  cirrhi 
were  retracted.  No  great  attention  was  paid  to  this  at  the 
time.    Next  day,  however,  we  were  astonished  to  find  the 

*  Dr.  Beid  was  my  student  and  assistant  for  several  years ;  he  was  a  dill., 
gent  anatomist. — K.  K. 

G  G  2 
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basin  in  wliich  the  balani  were  confined  swarming  with  an 
innumerable  number  of  extremely  minute  but  very  active 
animals,  when  it  immediately  struck  us  that  these  must  have 
been  the  voung  which  the  balani  were  throwing  off  the  day 
before.  On  placing  one  of  these  animald  under  the  micro- 
scope, we  expected  to  find  one  of  those  mussel-like  animals 
described  by  Thompson ;  but  instead  of  that,  it  had  an  almost 
exact  resemblance  to  the  young  of  the  genus  cyclops.  To 
make  sure  that  there  had  been  no  mistake,  one  of  the  adult 
balani  was  opened,  when  the  large  cavity  of  the  mantle  was 
found  to  be  filled  with  the  granules  which  we  had  formerly 
seen  ejected.  A  few  were  placed  in  a  watch-glassful  of  sea* 
water  under  the  microscope.  They  were  quite  motionless,  of 
an  ovoid  shapfe,  sharper  at  one  extremity  than  the  other. 
The  eye,  or  rather  what  was  considered  to  be  the  eye, 
was  observed  a  little  before  the  middle  line,  and  near  to 
the  superior  edge.  In  the  course  of  a  short  time,  a  few 
began  to  make  some  efforts  to  escape.  After  they  had  done 
so,  they  were  found  to  resemble,  m  their  external  appear- 
ance, the  young  cyclopides  alluded  to  above.  At  first,  the 
efforts  to  escape  were  feeble,  but  latterly  they  became  more 
violent;  and  by  means  of  the  tail,  which  was  suddenly  and 
forcibly  jerked  upwards  and  downwards,  the  membranes  which 
contained  them  were  burst  on  the  abdominal  surface,  upon 
which  the  young  animal  escaped.  It  was  some  time,  how- 
ever, before  the  extremities  were  completely  fi'eed.  In  the 
course  of  ten  or  fifteen  minutes  after  they  had  been  taken 
from  the  body  of  the  mother,  these  young  animals  were  all 
free,  and  the  empty  sacs  were  lying  amongst  them.  They 
have  a  striking  resemblance,  in  their  external  appearance,  to 
the  larvaB  of  tne  cyclops ;  and  if  we  had  not  had  tlie  certain 
evidence  of  having  seen  them  taken  from  the  body  of  the 
mother,  we  would  have  pronounced  them  young  cyclopides. 

*  After  many  fruitless  endeavours,  we  found  it  impossible  to 
preserve  them  alive  for  any  length  of  time,  and  were,  there- 
fore, disappointed  in  our  expectations  of  seeing  them  undergo 
their  metamorphoses.  We  were,  therefore,  uncertain  whether 
they  underwent  a  first  and  second  metamorphosis,  and  changed 
first  into  the  mussel-like  form  described  oy  Thompson,  and 
then  into  the  parent  form,  or  were  simply  metamorphosed 
into  the  parent  form.  Seeing  that  this  is  a  distinct  species 
from  that  described  by  Mr.  Thompson,  it  is  impossible  to 
decide  this  question  until  fartheiw  observations  nave  been 
made.    Having  been  fortunate  enough,  however,  in  making 
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a  series  of  observations  of  {he  same  nature  on  the  young  of 
the  halanus  balanoides,  which  are  recorded  above,  it  will 
now  be  seen  that  this  question  is  already  decided,  viz.,  that 
the  balani  must  undergo  two  changes  of  form,  or  perhaps 
more,  before  arriving  at  a  state  of  maturity. 

*  We  will  now  proceed  to  give  a  short  description  of  the 
larva  of  this  species. 

*  When  viewed  from  above,  the  body  of  the  animal  is  found 
to  be  pyriform,  with  the  anterior  edge  rounded,  and  the  pos- 
terior extremity  ending  by  means  of  a  point.  The  whole 
body  consists  of  three  segments :  the  first  forms  the  greater 
part  of  the  body ;  the  two  last  are  minute.  Two  long  un- 
articulated  extremities  project  from  the  anterior  edge  on  either 
side  of  the  mesial  line,  arising,  apparently,  from  the  abdominal 
surface  of  the  body.  Two  short  antennae  arise  also  from  this 
edge,  immediately  on  each  side  of  the  above-described  extre- 
mities. 

*  The  eye  is  situated  a  little  behind  the  anterior  edge,  and  in 
the  mesial  line  of  the  body. 

*  Two  very  strong  thick  legs  arise  from  each  side  of  this 
first  segment  of  the  body.  These  are  bipartite,  each  division 
arising  from  a  pedicle  common  to  both,  which  consists  of 
three  segments.  The  divisions  themselves  are  apparently  un- 
articulated,  but  are  armed  with  a  number  of  very  strong  spines. 

*  The  second  segment  of  the  body  is  minute.  The  third 
and  last  is  also  minute  and  pointed,  and  is  armed  with  three 
strong  spines,  which  are  bent  to  one  side  (the  lefb  side),  that 
nearest  the  right  side  being  the  shortest. 

*  All  of  these  larvae  swim  after  the  manner  of  the  mono- 
culi,  by  short  and  sudden  jerks.  They  propel  themselves  by 
means  of  the  two  pairs  of  spined  extremities.  The  tail  is 
also  in  constant  motioDu* — H.  G.,  in  £J.  P.  Journal, 

"  By  the  minute  and  prolonged  study  of  the  metamorphoses 
of  animals,  we  thus  prove  that  these  so-called  imperfect  forms, 
or  forms  in  transitu,  are  the  permanent  forms  of  adult  extinct 
and  recent  animal  beings.  Thus  we  upset  the  theory  of  the 
transmutation  of  species,  and  creation  of  new  forms ;  for  these 
forms  are  embraced  in  the  embryonic,  and  require  but  time 
and  circumst-ances  for  their  full  development :  nevertheless,  I 
willinffly  concede  to  my  esteemed  friend,  M.  Valenciennes, 
that  the  naturalist  is  only  interested  in  adult  forms,  these 
being  the  highest  specializations  to  which  animals  attain :  it 
holds  even  in  man  himself."* — R.  K.] 

*  See  my  Manual  qfArtittic  Anatomy.    Benshaw,  London. 
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The  Second  Sub-Division. 
OF  THE  ANNELTDES,  OR  ANNITLATED  ANIMALS. 

THE  VERMES,  OB  WORMS. 

§  582.  In  these  animals  the  annulated  division  of  the 
body  becomes  less  and  less  marked ;  every  structure  becomes 
as  it  were  degraded  in  proportion  as  we  leave  those  most  re- 
sembling the  articulated  to  those  approaching  the  zoophytes ; 
the  limbs  disappear,  and  the  nervous  system  oecomes  less  aud 
less  distinct,  or  loses  its  importance,  and  the  structures  sim- 
plify more  and  more.  Their  most  remarkable  feature  is  the 
elongation  of  their  bodies,  and  they  form  five  distinct  classes ; 
namel^V*  the  annelides,  rotatoria,  turbellaria,  helminthides  or 
intestmal  worms,*  and  cestoids. 

OF  THE   ANNELIDES. 

§  683.  The  class  is  composed  of  worms  having  a  multi- 
gangular  nervous  system,  and  a  vascular  apparatus  for  the 
circulation  of  the  blood. 

Their  bodies  are  always  elongated,  soft,  and  divided  by  cir- 
cular folds  into  a  great  number  of  rings  ;  sometimes  the  head 
is  distinct,  sometimes  it  is  wanting ;  and  generally  along  the 


Fig.  438. -Nereis. 


sides  of  the  body  they  have  a  long  series  of  hairs  in  bundles, 
supported  on  fleshy  tubercles,  taking  the  place  of  feet  (Fig. 
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438).  Frequently  we  find  two  of  these  organs  placed  one 
above  the  other,  on  either  side  the  different  rings  of  the 
body  (Fig.  335);  at  other  times  these  bristle-carryine 
tubercles  are  reunited,  and  there  is  found  at  the  base  of  each 
a  long,  soft  cylindrical  appendix  called 
cirrhus  (<?,  Fig.  439);  sometimes  the 
place  of  the  feet  is  marked  by  merely 
a  few  stiff  hairs,  whilst  in  others  all 
traces  of  limbs  have  disappeared. 
These  hairs  or  bristles  serve  as  instru- 
ments of  defence  and  of  locomotion ; 
they  are  in  general  sharp,  and  calcu- 
lated to  attach  the  animals  to  any  soft 
body  with  which  they  come  in  con- 
tact. In  the  annelides,  which  have 
no  bristles,  there  exist  at  the  extre- 
mities of  the  body,  suckers  which  answer  the  purpose. 

§  584.  Their  nervous  system  consists  of  a  cham,  single  or 
double,  of  very  small  ganglions,  extending  from  one  extremity 
of  the  body  to  the  other.  Most  have  a  few  dark  spots,  which 
seem  to  be  the  eyes,  and  the  head  is  usually  provided  with  a 
number  of  filaments  analogous  to  the  cirrhi  of  the  feet,  and 
called  antennae  and  tentacular  cirrhi  (Fig.  441),  which  seem  to 


Fig.  489.* 
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Fig.  440. — Head  and  Proboscis 
of  a  Glycera.f 


Fig.  441.— Head,  Ac, 
of  a  Nereis. 


be  organs  of  touch.  The  mouth  is  on  the  inferior  aspect  of 
the  head,  or  the  anterior  extremity  of  the  body,  when  there 
is  no  distinct  head  ;  it  is  often  armed  with  a  protractile  pro- 
boscis (Fig.  440),  and  with  jaws  having  the  form  of  horny 
hooks.     The  intestine  is  straight,  simple,  or  furnished  with 

*  Feet  of  an  Annelid  of  the  genus  Eunioe: — t^  setieerous  tubercle;  e, 
dorsal  c  rrhus ;  ei,  inferior  or  ventral  cirrhus  ;  ft,  brancnia. 

t  e,  anterior  part  of  the  body ;  ty  the  head ;  tr^  proboscis ;  6,  buccal 
opening;  m, jaws. 
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ciecii  plooed  on  either  side;  the  anuB  iit  at  the  extremity  of 
the  body. 

The  blood  is  almoBt  alwaye  red ;  sometimes  it  ia  green.and 

at  others  scarcely  colonred ;  it  circalates  in  a  complex  Bjstem 

of  vessels,  varying  in  different  species ;  of  these  vessels  Home 

are   contractile,    and   perform   the 

function  of  a  heart;  others  tliose 

of  arteries  and  veins. 

The  respiration  of  these  aninjals 
is  generally  aerian,  but  sometimes 
aquatic,  and  in  this  caw  it  is  per- 
formed by  means  of  external  bran- 
chife,  whose  form  and  arrangement 
vary  much;  sometimes  they  re- 
semble little  trees  or  leaves,  and 
are  fixed  above  the  feet  on  each 
side  of  the  back,  as  in  the  areni- 
cola  (Fig.  47) ;  at  other  times  they 
resemble  bunches  of  feathers,  and 
unite  in  a  corona  around  the  extre- 
mity of  the  body,  an  arrangement 
of  which  we  have  an  example  in 
the  serpula  (Fig.  442). 

§  685.  Most   of   the    annelides 

live  in  the  sea,  and  several  construct 

Fig.  4*a.-A  Group  of        ^  dwellings  a   long  tube,   formed 

Btrpuln.  eitherof  calcareaus  matters  secreted 

by  the  skin  (Fig.  442),  or  consisting 

of  sand  and  fragments  of  shells,  agglutinated  by  means  of  a 

gelatinous  substance;  several,  as  the  atenicola, plunge  deeply  in 

the  sand  (Pig.  47) ;  others  conceal  themselves  under  stones ; 

finally  there  are  annelides,  as  the  leech,  which  live  in  fresh 

waters;  so  also  does  the  nais,  which  more  resembles  theearth- 

worm  ;  and  these  last,  called  by  zoologists  lumhriei,  are  laud 

animals. 


§  586.  These  beings,  which  have  been  often  confounded  with 
the  infusoria,  are  nevertheless  quite  distinct.  Their  structure 
is  very  oomplei,  and  we  owe  the  discovery  of  this  fact  to  the 
microscope,  and  to  the  profound  researches  of  M.  Ehrenberg, 
of  Berlin.    Before  bis  time  they  were  thought  t«  be  animals 


composed  of  aDim^«d  jelly ,  nourished  bj  imbibitJon ;  uow  it 
is  no  longer  the  eimphcitj  of  their  structure  which  surprises 
us,  but  the  complication  of  their  organization,  wholly  micro- 
scopic. 

These    animalcules  are    met 
with  instagnant  waters.     Their      " 
body  is    semi-transparent,    and 
presents  traces  sufficiently  dis- 
tinct of  annular  divisions.     The      ' 
mouth   occupies  the  anterior  ei- 
tramity,    and  on   each  side,  or      " 
even  all  around  the  orifi«;,  may 
generally  be  seen  vibratile  cilia, 
the  rotatory  movements  of  which 
are  eitremely  remarkable.     Al- 

moBtalway8thepharyu][(a»T(^fe-      S     '  i 

boueh«)  is  furnished  with  power- 
ful muscles,  and  armed  with 
lateral  jaws.  The  digestive  canal 
is  etru^ht;  it  extends  from  one      '' 

eitremityofthebody  to  another,  , 

and  has  generally  towards  the 
middle  an  enlargement,  repre- 
senting the  stomach  of  these 
small  beings  ;  often  may  be  seen 

on  either  scdeof  this  tube,  bodies         7(g.  4*s.— The  Hjristini.* 
apparently  glandular,  and  at  its 

posterior  extremity  a  sort  of  cloaca,  in  which  terminate  the 
oviducts.  A  great  number  of  muscles  have  also  been  dis- 
covered in  these  animalcules,  and  even  a  ganglionary  nervous 

§  687.  The  rotifers  (Fig.  154),  one  species  of  which  has 
become  celebrated  bv  the  eiperimenta  of  Spallanzani  on  the 
suspension  of  life  which  follows  its  drj^ing  up,  may  be  taken 
as  a  type  of  the  class.  Their  body  is  elongated,  and  is  ter- 
minated anteriorly  by  two  small  coronie  of  cilia,  which,  at  the 
will  of  the  animal,  are  withdrawn  into  the  interior  or  expanded 
eitemally,  and  which  by  their  vibrations  produce  the  image  of 
two  small  wheels  turning  rapidly  on  their  axis.     They  ter- 


/,  •aliysrj'  gliniA ;  g. 


TDiDate  in  a  bifurcated  and  articulalsd  tail,  by  which  they 
attach  themselveB   to   bodiea  on   which  tliey  wiah  to  i 

the  greatest  vivacity,  and  luy 
ovalejm. 

§  688.  Other  animalculee, 
culled  branchioiiB,  resemble 
the  Totjfera  in  the  general 
niodeol' their  organization, but 
merit  notice  by  reason  of  a 
sort  of  carapace  or  ebell  with 
which  their  body  is  covered. 
fn  several  of  these  entail 
brings  tbe  sheU  or  oovering  ii 
even  bivalve,  and  recals  very 
much  that  (k  certain  cniata- 
cea,  such  as  the  cyprie  and 
d^phnia. 

CI.1S8  OF  TrBBEILABIA. 

§  589.  This    cla<<a   ought 

to  comprise  n  certain  number 

■it*  venues,  whose  body,  more 

(¥''^'-^'a^°ti'%  "'  '***  compressed,  presents 

■acio      -p«      ).  Bi:arcel¥   any  traces  01  annu- 

Istion,  and  is  covered  with    eitreroely  fine   vibratile   eiJia. 

In  general  they  have  no  anns,  and  their  digestive  appsi^tus  ia 

ramified,  and  terminates  in  aculde  sac;  their  nervous  xystem 

is  composed  of  two  lateral  cords,  terminatiDg  anteriorly  in  a 

pair  of  cerebroid  ganglions,  and  they  have  distinctly -formed 

bloodvessels.     Some,  as  the  nemtrtea  and  the  ^lanoria,  live 

in  water.   Others,  as  the  donee  (Fasciola  Hepatica,  Fig.  444), 

are  paraeites,  and  live  in  the  interior  of  other  animals. 

CLASS  OP   HELMINTHEB,   OB    NEMATO'lDS. 

§  590.  This  division  is  rotnposed  of  a  part  of  those  animala 
sometimes  called  inteitinal  vxirmi,  by  reasou  of  their  living 
generally  as  parasites  in  the  intestinal  canal  of  man  and  of 

several  other  vertebrate.  The  nematoids(helmintheB)  have  the 
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body  cjlindrical,  and  att«nua1ed  at  the  two  extremities; 

t«riorl;  they  greatly  resemble 

earth-worm  H,  and  also,  as  in  the 

annelidea,  their  inteBtinal  canal 

is  simple,   and  extended   from 

one  exfremity  of  the  Iwdy  to  the 

other ;  but  their  nervous  system 

is  rudimentary,  and  their  blood 

is  colourless. 

The  principal  genera  of  thi^ 
class  are,  the  ascarides  (Fig. 
155),  the  strongyli,  and  the 
filaria. 


§  591.  The  cestoids  ore  also 
intestinal  worms,  but  they 
differ  &om  the  nemetoids  (hel- 
■minthea)  greatly  in  their  form 
and  mode  of  organization,  and 
more  resemble  the  turbelhiria. 
They  have  the  body  flattened, 
much  elongated,  and  divided 
into  a  great  number  of  see- 
ments,  which  gives  them  Uie 
appearance  of  a  I'^fg  ribbon 
folded  transversely.  Their  ner- 
vous system  is  rndimentory, 
and  their  intestinal  canal  ap- 
pears to  be  replaced  by  two 
longitudinal  vessels  occupying 
the  sides  of  the  body.  They  are 
hermaphrodite,  and  each  ring 
(segment)  of  their  body  pos- 
sesses a  comrdete  reproductoi^  Fig.  4M.- 
apparatus.  The  iania  or  soli- 
tary worm  belongs  to  this  division  (Fig.  446J. 
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DIVISION  OF  THE  MOLLUSCA,  OR  MALACOZOARIA. 

§  592.  The  division  of  the  mollusca  is  composed,  as  we 
have  already  said,  of  a  considerable  number  of  <  animals  which 
have  neither  a  cerebro-spinal  system  nor  an  internal  skeleton, 
and  which  resemble  in  these  respects  the  articulated  animals, 
but  not  having,  as  these  have,  the  body  divided  into  rings, 
nor  the  ganglions  (nervous)  reunited  into  a  long  median  chain 
placed  on  the  ventral  aspect  of  the  body.  They  are  distin- 
guished also  from  zoophytes  by  the  disposition  of  the  organs 
of  relation  being  aiTanged  in  pairs,  and  in  general  they  have 
the  mouth  and  anus  more  or  less  close  to  each  other.  More- 
over, they  differ  much  from  each  other,  and  are  divided  into 
two  principal  seriei*,  namely, — ^the  mollusca  properly  so  called, 
and  the  molluscoides  or  tunicata. 


Sub-Division  of  the  Mollusca, 

PEOPEELY   so  CALLED. 

§  593.  In  this  group  the  nervoiis  system  is  always  com- 
posed of  several  ganglions,  reunited  by  medullary  cords,  so  as 
to  form  a  sort  of  double  collar,  more  or  less  closely  around 
the  gullet,  but  not  prolonged  posteriorly  like  a  sub-intestinal 
chain,  as  in  the  anuulated  animals. 

The  general  form  of  these  mollusca  is  extremely  variable. 
Their  body  is  always  soil,  and  in  a  small  number  only  (the 
sepia,  for  example)  there  exists  in  the  interior  some  solid 
non-articulated  pieces,  serving  rather  to  protect  the  viscera 
than  to  furnish  to  the  locomotory  apparatus  levers  and  points 
of  support.  The  muscles  are  fixed  directly  into  the  integu- 
ments, and  seem  to  act  only  on  the  point  into  which  they  are 
inserted;  and  thus  the  movements  of  the  animal  are  slow 
and  ill  directed.  In  a  small  number  of  these  beings  (the 
sepia,  for  example)  there  are  flexible  and  elongated  appendages 
(Fig.  162),  intended  for  locomotion,  but  in  most  instances  the 
animal  cannot  displace  itself  but  by  successive  contractions  of 
various  points  of  the  lower  surface  of  its  body;  and  even 
when  there  exist  limbs,  these  organs  are  reunited  in  a  group 
at  one  extremity  of  the  body,  and  never  disposed  in  a  sym- 
metrical series,  as  in  the  vertebrate  and  articulate  animals. 


r" 
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The  skin  of  the  mollosca,  always  soft  and  yiscous,  often 
fonns  folds  which  envelope  more  or  less  completely  the  body; 
and  this  disposition  has  induced  zoologists  to  give  the  name 
of  mantle  to  that  portion  of  the  integument  generally  fur- 
nishing these  expansions.  This  mantle  is  often  entirely  free, 
forming  two  large  veils  or  coverings  concealing  all  the  rest 
of  the  animal,  or  these  two  laminae  unite  so  as  to  form  a 
tube ;  but  at  other  times  it  consists  only  of  a  kind  of  dorsal 
disc,  of  which  the  edges  alone  are  free  or  surround  the  body 
more  exactly  under  the  form  of  a  sac. 

§  594.  In  general  this  soft  skin  is  protected  by  a  kind  of 
stony  or  hard  cuirass,  called  shell.  It  is  a  tissue  which  has 
some  analogy  with  that  of  the  epidermis,  which  constitutes 
thLs  envelope.  The  follicles  lodged  generally  in  the  edges  of 
the  mantle,  deposit  on  its  surface  a  half-homy  matter,  mixed 
with  carbonate  of  lime  in  greater  or  less  proportions,  and  is 
moulded  over  the  subjacent  parts,  and  next  solidifies.  The 
lamina  thus  foimed  thickens  and  grows  by  the  successive 
deposit  of  new  matter.  Its  surface  is  not  stony,  but  resembles 
a  kind  of  epidermis,  and  is  known  by  the  name  of  d/rap  marin, 
or  sea-cloth;  sometimes  it  preserves  a  horny  consistence 
throughout  its  whole  thickness,  but  in  general  the  proportion 
of  carbonate  of  lime  which  it  encloses  gives  to  it  a  stony 
hardness.  Its  inner  surface  is  frequently  more  dense  than 
the  rest,  and  presents  a  peculiar  structure  rendering  it  glassy, 
lustrous,  and  pearly.  Sometimes  the  shell  remains  always 
enclosed  in  the  thickness  of  the  skin  of  the  animal ;  but  ge- 
nerally it  IS  external,  and  even  passes  beyond  the  edges  of  the 
mantle,  so  as  to  furnish  to  the  animal  perfect  shelter.  The 
name  of  naked  moUusca  has  been  given  to  those  which  are 
without  shells,  or  which  have  only  an  interior  one,  and  the 
name  of  conchifera  to  those  in  which  the  shell  is  visible 
externally. 

The  manner  in  which  this  shell  grows  may  be  readily  un- 
derstood. If  we  examine  the  shell  of  an  oyster,  for  example, 
it  will  be  found  to  be  composed  of  a  number  of  superimposed 
laminae,  which  can  be  separated  by  means  of  heat.  These 
plates  have  been  formed  successively  by  the  mantle  of  the 
animal,  which  they  cover,  and  consequently  the  most  external 
is  the  oldest  or  first  formed  and  the  smallest;  each  new 
plate  deposited  passes  beyond  the  plate  situated  above  it, 
so  that  the  shell  as  it  grows  in  thickness  also  enlarges  rapidly. 
In  general,  the  distinction  of   laminae  whilst  forming  is 
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less  marked,  and  the  new  matters  are  often  deposited  only  on 
the  edge  of  the  shell,  and  in  such  a  way  that  their  molecules 
correspond  exactly  to  the  molecules  of  the  part  already  con- 
solidated ;  this  gives  to  the  whole  a  fihrous  structure.  Coloul-s 
the  most  varied  and  most  agreeably  disposed  ornament  these 
shells,  and  often  vary  with  age.  Very  generally  they  are 
altogether  superficial,  and  seem  to  depend  on  a  sort  of  dyeing 
process  produced  by  the  skin  of  the  animal,  which  is  painted 
m  a  manner  corresponding  to  its  envelope.  The  colouring 
matter  appears  to  be  deposited  on  the  shell  at  the  moment  of 
its  formation ;  it  is  also  more  lively  as  the  shell  is  yoimger ; 
it  is  produced  by  the  edge  of  the  mantle.  In  fact,  if  a  shell 
be  broken,  and  the  animal  happens  to  repair  this  accident,  the 
part  newly  formed  is  always  white  where  it  has.  not  been  in 
contact  with  the  edge  of  the  mantle ;  and  if  it  corresponds 
with  this  edge,  it  assumes  the  colour  which  this  presents  at 
the  point  of  contact.  Thus  when  the  edge  is  spotted,  corre- 
sponding spots  are  found  upon  the  edge  of  the  shell ;  and  as 
this  elongates,  these  spots  become  confounded  with  those 
already  formed,  and  produce  lines  perpendicular  to  the  striae 
of  increase,  or  do  not  unite  with  them,  and  remain  insulated, 
according  as  the  mantle  remains  immovable,  preserving  with 
the  margin  of  the  shell  the  same  relations ;  or,  on  the  other 
hand,  that  by  the  movements  of  the  animal,  it  often,  changes 
its  position.  Sometimes  the  secretion  of  colouring  matter  also 
varies  with  age,  and  accidental  circumstances  may  equally 
modify  it.  Light,  for  example,  exercises  over  the  phenomenon 
a  very  remarkable  influence,  and  not  only  the  shells  which  are 
the  most  exposed  to  the  action  of  this  physical  agent,  are 
generally  the  most  brilliantly  coloured,  but  when  the  mol- 
lusc lives  fixed  on  a  rock,  or  partly  concealed  under  a  sponge 
or  some  other  opaque  body,  the  portion  of  the  shell  thus 
placed  in  obscurity  is  always  paler  and  duller  than  that 
exposed  to  the  contact  of  the  sun's  rays. 

§  595.  The  digestive  apparatus  of  these  animals  is  strongly 
developed.  There  exists  always  a  large  liver,  and  oft^n  we 
find  salivary  glands  and  organs  of  mastication ;  but  the  intes- 
tines are  never  supported  by  a  mesentery.  Their  blood  is 
colourless  or  slightly  bluish,  and  circulates  in  a  very  complex 
apparatus,  coraposea  partly  of  arteries  and  of  veins,  and  partly 
only  of  lacunae.  A  heart,  formed  of  a  ventricle,  and  of  one  or  of 
two  auricles,  is  ibund  in  the  course  of  the  arterial  blood, 
transmitting  this  liquid  into  all  parts  of  the  body,  ftom  whence 
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it  retnms  to  the  organ  of  respiration  by  canals  more  or  less 
incomplete.  We  sometimes  also  meet  with,  at  the  base  of  the 
vessels  entering  the  organ  of  respiration,  contractile  venous 
reservoirs  called  pulmonary  hearts. 

With  regard  to  the  arrangement  of  the  organs  of  respira- 
tion, it  vanes  too  much  to  allow  of  us  describing  it  in  this 
place.  We  shall  therefore  only  say  that  they  have  sometimes 
the  form  of  lungs,  at  others  that  of  branchisB  or  gills. 

§  596.  In  like  manner,  we  cannot  say  anything  generally 
of  the  sti-ucture  of  the  organs  of  sense,  which  however  are 
always  less  complete  than  in  vertebrate  animals.  Ceitain 
moUusca  seem  to  be  gifled  only  with  the  senses  of  touch  and 
taste  ;  but  a  great  number  have  eyes,  whose  structure  varies, 
and  in  many  of  them  there  even  exists  an  apparatus  ibr  hear- 
ing ;  but  none  have  yet  been  found  possessing  a  special  organ 
for  smell. 

The  moUusca  spring  from  eggs,  and  never  multiply  by 
granulations,  as  happens  in  most  of  the  moUuscoides,  but 
sometimes  these  eggs  are  hatched  externally,  sometimes  in 
the  interior  of  the  body  of  their  parent,  which  may  then  be 
said  to  be  ovoviviparous. 

§  597.  The  sub-division  of  the  molluscs,  properly  so  called, 
is  composed  of  four  principal  groups  or  classes,  called  the 
cephalopoda,  gasteropoda,  pteropoda,  and  acephala.  We  shall 
now  make  known  their  more  prominent  characters. 

CLASS   OF   THE   CEPHALOPODA. 

§  598v  This  class  is  composed  of  mollusca  of  an  extremely 
odd  form,  for  their  head  is  placed  between  the  trunk  and  the 
feet  or  tentacula,  serving  for  locomotion ;  and  when  they 
walk,  it  is  with  the  body  upwards  and  the  head  downwards 
that  they  draw  themselves  along  the  soil  (Fig.  162) ;  in  fact, 
it  is  on  the  head,  around  the  mouth,  that  their  feet  are  in- 
serted; and  hence  their  name  of  cephalopoda.  The  trunk  of 
these  animals  is  covered  by  the  mantle,  which  has  the  form  of 
a  sac,  sometimes  almost  spherical,  at  others  elongated,  open 
in  front  only,  and  enclosing  all  the  viscera  (Fig.  447,  o).  The 
head  projects  through  this  opening ;  it  is  round,  and  is  gene- 
rally lumished  with  two  large  eyes  (Fig.  8),  of  a  structure 
very  analogous  to  that  of  the  eyes  of  vertebrate  animals.  The 
mouth  occupies  the  middle,  and  is  armed  with  two  jaws. 
Finally,  around  this  opening  is  a  corona  of  flexible  fleshy 


appendages  (Fig.  416),  niuaed,  indifferently ,ai 
wbicli  merit  equally  both  nameB,  for  the;  a, 
inatrumentB  of  prehension  and  of  locomotion. 


§  599.  The  cephalopoda  are  essentiallj  aquatic  animals, 
and  they  in  coneequence  breathe  h;  gilU.     These  organii  are 


Fig,  UT.— QiUi  or  the  Poidps  (Octoptu).> 

ibund  concealed  in  the  mantle,  under  a  particular  cavity  (Pig, 
447),  whoae  walls  dilate  and  contract  alternately,  and  whose 
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mtorj-cnU,  o,oTieof 


CLAM  OF  THE  CEPHALOPODA.  466 

interior  communicateB  with  the  t>itmor  b;  two  openings. 
The  one  (o)  in  the  form  of  &  fissure  serving  for  the  entrance 
of  the  water;  the  other,  prolonged  into  a  tube  or  funnel  (t), 
serring  for  tike  escape  of  the  water  and  of  the  residue  of  the 
food.  Each  gi]]  {b)  has  the  shape  of  an  elongated  vjranud, 
and  is  competed  of  a  great  nurober  of  membranous  funellfe, 


Fig.  us.— Orgus  of  BsBpirstioD  and  Circulation.* 

-placed  tranayerselr,  and  fixed  on  either  side  of  the  median 
ttelk.  The  number  of  giilo  varies,  and  this  diifeiente  is 
characteristic  of  the  two  great  natural  divisions  of  nhich  the 

•  c,  (he  lortio  besrl,  the  anpsrior  eitr«iDi>T  of  which  ii  cuntinuouii  wilh 

brAncliH  oftluB  vegHl;  a,  theiiuTfirioraortu,  preHDtiDff  Hbulbat  iTb  ongiii. 
And  looDdJTiding  into  twDbTfuiclieH(po);  ve,vanAciL^h,wnoHW»ILaBr^coTereii 

tha  two  brADchea  of  th«  T«pACMik;  cp,  venout  Binunen  or  brmdchibl  hearts 
I,  ralHgemantof  the  bucof  thebnnvhiiilHterieai  tr.gdia,  at  hrsDchisI 
ul«rT;  ci,  bruohial  TciD  1  (u,  bulb  ofthebrBochialieiiwritoiited  nenrlhr' 
tunuDBtioD  of  the  vmsla  ia  the  hmrt,  ud  conatilnling  the  uiriclFB. 
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class  is  composed.  In  the  octopus,  the  sepia,  and  the  loligo, 
there  exists  only  a  single  pair ;  but  in  the  nautili  there  are 
two  pairs. 

§  600.  The  heart  is  situated  between  the  gills,  in  the  me- 
dian line  of  the  body,  and  is  formed  of  a  single  ventricle 
(Fig.  448,  c).  The  blood  reaches  it  from  the  branchise  by  the 
branchial  veins  (vb),  whose  openings  are  provided  with  val- 
vules, and  thus  penetrates  into  the  arteries  which  spring  from 
the  organ,  and  are  distributed  to  the  body.  This  liquid 
passes  afterwards  into  a  venous  system,  composed  partly  of 
vessels  properly  so  called,  and  partly  into  cavities  without 
proper  walls,  hollowed  out  between  the  organs ;  thus  the  space 
comprised  around  the  anterior  portion  of  the  digestive  appa- 
ratus performs  the  office  of  a  venous  sinus,  and  the  principal 
nervous  ganglions,  as  well  as  various  glands,  are  bathed  in 
the  blood. 

Finally,  the  nourishing  fluid  which  thus  returns  from  the 
different  parts  of  the  body,  traversing  the  visceral  cavity,  or 
passing  in  veins,  properly  so  called,  reaches  at  last  a  large 
median  trunk,  whose  branches  proceed  to  the  organs  of  respi- 
ration, but  generally  penetrate  first  into  a  contractile  reser- 
voir situated  at  the  base  of  each  of  these  organs.  These 
reservoirs  push  the  blood  into  the  branchial  vessels,  and  con- 
sequently there  are  in  these  animals  two  pulmonary  hearts  as 
well  as  an  arterial ;  but  this  arrangement,  which  exists  in  all 
the  cephalopoda  with  two  gills,  is  wanting  in  the  tetra-bran- 
chial  cephalopoda. 

§  601.  The  digestive  apparatus  is  very  complex.  The 
mouth  is  surrounded  with  a  circular  lip  and  with  two  man- 
dibles, placed  vertically  one  over  the  other.  They  resemble 
strongly  the  bill  of  a  parroquet,  and  are  moved  by  powerftil 
muscles.  There  are  salivary  glands,  highly  developed,  several 
stomachs,  and  a  large  liver.  The  intestine  terminates  in  the 
branchial  cavity  at  the  base  of  the  funnel,  by  which  the  water 
is  expired,  and.  communicates  with  a  very  singular  secreting 
organ,  which  in  the  cephalopodes  with  two  gills  produces  an 
abundance  of  a  black  liquid,  to  which  the  name  of  ink  has 
been  given.  The  excretory  canal  of  this  gland  opens  near  the 
anus ;  and  when  the  animal  is  in  danger,  it  ejects  by  the 
funnel  a  sufficiency  of  the  dark  fluid  to  colour  the  surrounding 
water,  and  thus  escape  from  the  sight  of  its  enemies.  It 
is  the  ink  of  one  of  those  cephalopodes,  the  sepia,  which  is 
employed  in  painting  under  the  name  of  sepia ;  and  several 
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authors  think  that  China  ink  is  an  analogous  substance.* 
The  tetrabrsnchiate  cephalopodes  hare  no  such  organ. 


§  603.  We  bare  Boid  above  that  the  moUnsea  hwe  no 
aoUd  articulated  frainework  comparable  to  the  skeleton  of  the 
Ttrtebrata.    Nererthelesa,  in  the  cephalopoda  we  still  find 


Fig.  «0.— NMltila*' 

ve^tJeea  of  Bomething  analogons ;  for  there  is  in  the  head  a 
cartjlage  which  not  only  protects  the  braiu,  but  alw>  spreada 
out  in  different  directions,  fumiahilig  points  of  insertion  to 
the  different  muscles  of  the  animal.  It  is  also  to  be  ob- 
served, that  the  abdomen  of  these  animals  ie  in  general  sup- 
ported byasort  of  internal  shell,  which  in  theloligo  is  homy, 
but  in  the  sepia  is  of  a  cotcareoua  nature,  and  is  called  the 
bone  of  the  aepia. 

§  603.  The  disposition  of  the  organs  of  locomotion  and 

Srehensiun,  fixed  around  the  mouth,  varies  in  these  mollusca. 
n  the  dibranchiate  cepbolopodes  there  i»  a  corona  of  large 
fleshy  tentacula,  whose   internal   surface   is   provided   wifli 

funDel ;  p,  the  fool ;  »,  ■  portion  of  th«  muUa  ;  o,  tke  eje  j  i,  the  iTphou. 
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sncken,  bj  means  of  which  thej  attach  themselres  with 
much  foTce  to  the  bodies  they  lay  hold  of  (Fig.  162).    In  the 


Pig.  ISl.— Veirool  Saltern  of  Uie  Snghe  (SapJi). 


aU»d  be  >  bristle  (ij ;  c,  th«  D«r<Dni  mui  •ituted  before  Ihe  guUet,  oA 
(eneraUj  o&Ued  brun  -,  its  snperior  avrface  is  9iirmottTit«d  vith  a  veiy  luge 
cordifonn  tabercule,  uid  than  pTooecd  IroiD  ite  aDterioT  psrtp  nerret^  which 
■ODD  termiDftte  in  s  oircuUi'  nnglion,  whioh  ia  its  (utd  gi*s4  on^  to 
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poulpe  (octopus)  there  are  eight  of  these  appendices,  and  in 
the  sepia  ten ;  sometimes  two  of  these  enlarge  like  oars  or 
membranous  veils,  as  in  the  argonaut  (Fig.  449),  or  elon- 
gate so  as  to  become  filiform,  as  in  the  calmar  (Fig.  446), 
and  especially  in  the  calmaret  (Fig.  8).  In  the  tetrabran- 
chiate  cephalopodes  these  appendages  are  all  slender,  without 
suckers,  and  extremely  numerous  (Fig.  450). 

§  604.  Most  of  the  mollusca  of  this  class  are  remarkable 
for  the  development  and  perfection  of  their  eyes,  which 
greatly  resemble  those  of  vertebrata.  Several  have  also  an 
auditory  apparatus,  but  this  organ  is  reduced  to  a  small 
membranous  sac,  receiving  a  nerve. 

Finally,  the  nervous  system  of  these  animals  is  more  com- 
plex than  in  the  other  mollusca,  and  the  various  ganglions 
grouped  around  the  gullet  have  a  tendency  to  coalesce  into  a 
single  mass.  The  medullary  collar  so  formed  is  composed  of 
a  pair  of-  cephalic  ganglions,  whence  arise  the  optic  nerves, 
&c. ;  of  a  pair  of  ganglions,  situated  more  forward,  but  under 
the  gullet,  and  furnishing  the  nerves  of  the  tenta^ula  (Fi^. 
451) ;  finally;  of  a  pair  of  thoracic  ganglions,  giving  origm 
to  the  nerves  of  the  mantle,  and  to  two  cords  which,  proceed- 
ing backwards,  form  on  each  side  of  the  abdomen,  a  ganglion, 
from  whence  arise  the  branches  destined  for  the  heart,  gills, 
&c. 

*  §  605.  All  the  cephalopodes  are  marine;  they  are  very 
voracious,  and  live  chiefly  on  Crustacea  and  fishes,  which 
thev  seize  with  their  supple  and  vigorous  arms,  and  whoee 
flesh  they  easily  devour  by  means  of  their  sharp  mandibles. 
Some  of  these  animals  are  lodged  in  shells  turned  on  them- 
selves :  such  are  the  argonaut  and  the  nautilus ;  but  some 
naturalists  think  that  the  first  does  not  itself  form  the  cal- 
careous covering,  but  lives  as  a  parasite  in  the  shell  of  another 
mollusc. 

This  class  comprises  the  octopus  (Fig.  162),  the  argonaut 
(Fig.  449),  the  sepia,  the  calmar  (Fig.  446),  the  ciJmaret 

the  ffullet  anew,  and  to  form  there  a  small  anterior  ganglion,  whence  arise 
the  labial  nerves ;  6,  tentacular  ganglions,  whence  arise  the  nerves  of  the 
arms ;  o,  optic  nerves,  arising  from  the  lateral  parts  of  the  bnun,  and  soon 
swelling  into  a  large  ganglion;  i,  small  venous  tubercles,  situated  on  the 
origin  of  the  optic  nerves ;  g,  OBSoohaffeal  or  ventral  ganglion ;  v,  great 
visceral  nerve,  one  of  the  branches  or  wmch  has  on  it  an  elongated  ganglion 
(r),  and  penetrates  into  the  gills ;  m,  nerves  which  arise  also  from  the  post- 
(Bsophageal  ganglions,  and  which  have  on  their  passage  a  large  star-shaped 
ganglion  («),  whose  branches  proceed  to  the  mantle. 
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|S1g.  8),  the  naut!lii»  (Fi^.  450),  &e.  With  the&e  are  arranged 
the  ammonite  ehelln,  whwh  h&vtt  some  analogy  with  those  of 
the  nautilus,  bat  are  found  only  in  a  fossil  state. 


CLASS  OP  THB  GASTEBOPODA. 

§  606.  The  gait4«ropoda  are  molluscs  which  have  a  head, 
and  move  by  means  of  a  fleshy  diac  or  foot  placed  under  the 
belly  (Fig.  453),  or  of  a  fin  formed  by  the  same  part  of  the 
^'"^y  i^'K-  ^^)  =  ^^'^  cla»fi,  which  has  as  it«  type  the  snail, 
is  very  nnmerous,  and  is  composed  chiefly  of  animals  lodged 
in  a  single  shell,  having  generally  the  form  of  a  cone,  or 
rolled  into  a  spiral ;  some  species  are,  on  the  contrary,  en- 
tirely naked,  as  the  slu*.  The  body  is  elongated,  and  ter- 
minated anteriorly  by  a  head  more  or  less  developed,  in  which 


is  the  mouth,  provided  with  fleshy  tentacles,  varying  in  num- 
ber Irom  two  to  six ;  the  back  is  covered  with  a  mantle  pro- 
longed more  or  less  backwards,  nnder  the  form  of  a  mem- 
branous sac,  and  which  secretes  the  shell ;  Anally,  the  belly 
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is  covered  underneath  b;  the  fleshy  masB  of  the  foot  The 
viscera,  lodged  on  the  tock,  occupy  the  npper  part  of  the 
buckler  or  cone  formed  W  tJie  Bhell,  and  renuun  always  eo- 
closed  in  it ;  but  the  head  and  foot  project  externally  when 
the  animal  unfolds  itself  for  progression,  and  re-enter  into 
the  last  turn  of  the  spire  when  they  contract  themselTOS ; 


Fig.  154.— Analfiniy  of  «  Pootini 


thus,  the  size  of  this  last  part  ofthe  shell  and  the  form  of  the 
opening  are  in  relation  with  the  xize  of  the  foot.  In  most 
aquatic  gasteropodous  molluaca  in  which  the  shell  is  spiral, 
there  exists  a  homy  or  calcareous  disc,  named  operculum 
(Fig.  454,  o),  which  is  fiied  to  the  posterior  part  of  the  foot, 

*  AnBtomj  ofthe  Turbo  Pi™,  tfl  ihowtho  HTsngement  of  [ha  rwpiratory 

tsntulea;  'g,theejei;  m,  thamiintle,  i>l«il laDptudiaiU^,  90  u  to'opea the 
reipiratOF;  oavilv  ;  /,  anterior  rdge  of  Iha  mHotle,  whic^,  ia  the  nHtoral 
pomtioD)  ooTen  toe  Svk.  and  leaf  «4  ui  openiDg  or  Ikrge  fluure  by  which  Iha 

muh  (nd'liTer  I  or,  the  oiidoiit.  Aboie  the  noohB  is  the  oepbalie  nervnae 
gBaglion  uid  tlM  BklivuT  ghindB : — d,  fringed  nieml>Tuie  bordering  tmder- 
nenfli  th»  left  ude  ofthe  openini  ofthe  rwpimtorr  o»vitj. 
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and  which  closes  the  entrance  of  the  shell  when  the  animal 
retires  within  it. 

§  607.  The  heart  is  alwap  aortic,  and  is  composed  of  a 
ventricle  and  an  auricle ;  it  is  found  near  the  hack  of  the 
animal,  on  the  opposite  side  to  that  occupied  hy  the  repro- 
ductive or^ns.  The  arterial  system  is  in  general  well  de- 
veloped (Fig.  44) ;  hut  the  venous  system  is  always  more  or 
less  mcompTete,  and  sometimes  is  altogether  wanting,  so  that 
the  hlood  returns  from  the  different  parts  of  the  hody  towards 
the  respiratory  organs  only  hy  traversing  the  lacunea  or 
spaces  existing  hetween  the  organs.  It  is  also  to  be  observed, 
that  the  abdominal  cavity,  in  which  are  lodged  all  the  viscera, 
is  always  thus  traversed  by  the  venous  blood. 

The  organs  of  respiration  are  formed  sometimes  for  an 
aerian  respiration,  sometimes  for  an  aquatic  life.    In  the  first 


V 

Fig.  455. — ^The  Pleorobrancbos.* 

case,  thev  consist  in  a  cavity,  on  the  walls  of  which  the  blood- 
vessels form  a  complicated  network,  into  the  interior  of 
which  the  air  penetrates  from  without  by  an  opening  under 
the  external  ed|?e  of  the  mantle.  This  kind  of  lung  (Fig.  144) 
is  situated  on  the  back  of  the  animal,  and  is  lodged  in  the  last 
turn  of  the  spire  of  the  shell  when  the  mollusc  is  provided 
with  such  a  covering.  In  the  gasteropoda  destined  to  breathe 
in  water,  the  disposition  of  the  gill  varies ;  these  organs  are 
often  enclosed  in  a  cavity  analogous  to  that  constituting  the 
lung  in  the  preceding  (Fig.  454) ;  but  at  other  times  thev  are 
lodged  between  the  mantle  and  the  foot,  or  even  on  the  back 
of  the  animal,  so  as  to  float  freely  in  the  surrounding  Hquid : 
as  an  example  of  the  pulmonary  gasteropodes,  we  may  men- 
tion the  slug  and  snail,  which  live  on  the  land ;  the  lymneaus 
or  helix  (Fig.  143),  the  planorbis  (helix  vortex),  and  the 

*  m,  the  mantle  raised  up  to  show  the  gill  (&r) ;  a,  anas ;  5,  mouth  and 
proboscis ;  o,  the  veil ;  t^  the  tentacles ;  |>,  the  foot. 
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pbjM  (the  helix  tbntinslii),  which  live  in  slagnftnt  watore,  and 
aacend  to  the  surface  to  breathe  the  requisite  air.  Amongst 
the  gaateropodeH  provided  with  gitU  enclosed  in  a  doraal 
oavitj,maj  be  observed  the  volutes,  the  bnccinurefitheporoe- 
laines  (Fig.  158),  the  heliotides,  &c.     The  patelle  aud  the 


pleuro-brauchite  (Fig.  4B6)  carry  theee  orgtms  in  the  furrow 
separating  the  foot  from  the  mantle-,  and  in  the  doris  and 
the  eolis  (Fig.  456),  &e.,  thev  consist  in  bunches  and  in  straps 
or  leashes  fixed  on  the  dorsd  aspect  of  the  Irady. 

§  6U8.  The  mouth  ofthegasteropodes  is  surrounded  bj  con- 


tractile lips,  and  sometimes  armed  with  homy  t«eth  oocnpying 
the  palate.  In  several  other  animals  of  this  class  the  anterior 
part  of  the  gallet  is  very  fleshy,  and  may  be  carried  ontwards 
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BO  as  to  form  a  proboscis.  Sometimes  the  stomach  is  also  fur" 
nished  with  cartilaginous  or  osseous  instruments  adapted  to 
divide  the  food ;  the  intestine  is  turned  on  itself,  and  is  lodged 
between  the  liver  and  the  ovarj ;  finally,  the  anus  {a,  Fig. 
454)  is  almost  always  situated  on  the  right  side  of  the  body, 
and  is  ofben  found  close  to  the  head. 

§  609.  In  this  class  the  organs  of  sensibility  are  less 
developed  than  in  the  cephalopodes ;  the  tentacles  which  most 
gasteropodes  carry  on  their  forehead  serve  only  for  touch, 
and  perhaps  for  smell.  Their  auditory  organs  consist  only  in 
a  pair  of  small  membranous  vesicles,  and  the  eyes,  which  are 
sometimes  wanting,  are  very  small,  and  of  a  very  simple 
structure ;  they  are  sometimes  adherent  to  the  head,  some- 
times carried  on  the  base, the  side,  or  the  pointof  the  tentacles. 
Finally,  the  nervous  system  is  less  developed  than  in  the  pre- 
ceding cla8s,and  is  composed  principally  of  a  cephalic  ganglion, 
and  of  a  thoracic  ganglion  re-united  like  a  collar  around  the 
ffullet.  Amongst  these  animals,  some  are  terrestrial,  others 
five  in  iresh  waters,  but  most  are  marine.  In  general  they 
are  formed  to  creep,  as  the  slug,  the  lymnese  (Fig.  143),  the 
porcelaine  (Fig.  158),  <&c. ;  but  sometimes  they  are  intended 
only  to  swim,  as  for  example  the  carinaria  (Fig.  457). 

GLASS  OF  THE  FTEBOPODA» 

J>  610.  The  pteropoda  are  small  molluscs  having  a  distinct 
,  formed  for  floating  and  swimming  by  means  of  two  fins 
placed  like  wings  on  either  side  of  the  neck  (Fig.  161).  Some 
are  naked,  and  others  have  a  shell,  but  their  history  is  not  of 
sufficient  interest  to  induce  us  to  dwell  longer  on  it. 

CLASS  OF  THE  ACEFHALA. 

§  611.  The  molluscs  which  we  have  hitherto  been  consi- 
dering have  all  a  distinct  head;  those  which  remain  to  be 
spoken  of  are  without  it,  and  show  a  greater  simplicity  in 
their  whole  organization.  Their  body  is  entirely  enveloped 
by  the  mantle.  Tike  a  book  in  its  cover ;  the  skin  of  the  back, 
in  fact,  is  adherent  only  in  the  middle,  and  forms  on  each 
side  a  large  fold,  covering  all  the  other  part  of  the  animal 
(Fig.  458),  and  sometimes  even  is  so  united  to  its  fellow  of 
the  other  side,  as  to  leave  openings  only  behind  and  before, 
and  to  form  two  long  tubes  for  the  water  necessary  for  respi- 
ration.   A  shell,  composed  of  two  valves,  covers  this  mantle  in 


whole  or  in  part,  preBentinfl;  superiorly  ft  hinge,  prorided  with 
an  elastic  ligament,  bj  the  pUy  of  which  the  Tftlves  are 
opened  whenever  the  muscles,  extending  from  one  to  the  other. 


ceaKe  to  act.  The  viscera  are  collected  into  a  small  mus, 
under  the  dorsal  part  of  the  mantle,  and  the  ventral  portion  of 
the  bodj  ii  generally  prolonged  so  as  to  fonn  a  fleshy  foot, 
having  some  analogj  with  the  gasteropodes,  bnt  not  so  well 


formed  for  locom.otion.  Sometimes  it  is  the  inner  surface  of 
the  mantle,  as  in  the  t«rebratnl»,  which  takes  the  place  of 
the  Tespiratory  organ,  and  for  this  purpose  shows  a  hi^ily 

*  honaofthenlraiaftheihelli  t/,  the  hinge  j  ••,aiwoftbalab«of  (lit 
nuntlA;  uTiporlion  of  the  other  iDbSilfeidDpinrdH;  c,  nuiflcleflaftfaeihdl; 
h-.thegillai  6,  the  ntDDthi  I,  lebial  tentsclei ; /,  the  Unr  i  i,  the  inteMuie  i 
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developed  vascular  network ;  but  in  general  tlieie  erists  n 
very  well  developed  branchial  apparatus,  composed  of  two 
pairs  of  large  membranous  plates,  finely  striated,  and  floating 
between  the  foot  aod  ttie  mantle  (Fig.  468).  The  roontli  is 
also  coucesled  between  the  folds  of  the  mantle,  and  is  found  at 
one  of  the  extremities  at  the  base  of  the  abdomen ;  it  has 
never  any  teeth,  but  is  furnished  laterally  with  two  pairs  of 
labial  prolongationa,  Konstjtuting  laminated  tentacles.     The 


Fig.  M0.-AroDd8  Perliire,  Fig.  IBL-Bnccside. 


Fig.  462.— Shell  of  the        '  Fig.Ma.— The  Anim^of  the 

Teirebruuli.  TerebrituU. 

stomach  is  suficieDtly  developed,  and  the  intestine  Ibrms 
around  the  Hver  circumvolutions  before  reaching  the  pos- 
terior edge  of  the  base  of  the  abdomen,  where  it  ter- 
rainatea.  The  heart  is  ^nerally  aitaated  above  the  visceral 
mafts  thus  formed  (Fi^.  160),  and  is  composed  of  an  aortic 
ventricle,  and  of  one  or  two  aurides,  destined  to  receive  the 
blood  from  the  gills.  In  general  this  ventricle  is  fusiform, 
and  presents  a  remarkable  pecidiarity,  its  cavity  being  tra- 
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versed  by  the  rectum.  Finally,  the  nervous  system  consists 
chiefly  of  two  pairs  of  small  ganglions,  re-united  by  cords,  but 
very  distant  from  each  other,  and  placed  the  one  above  the 
mouth,  the  other  under  the  extremity  of  the  intestine.  The 
functions  of  relation  are  extremely  limited,  and  most  of  these 
molluscs  can  with  difficulty  displace  themselves  by  pushing 
with  the  foot,  or  rapidly  shuttine^  their  shell  to  eject  the  water 
enclosed  between  the  valves,  which  gives  to  their  body  the 
returning  shock ;  in  general  they  live  at  the  bottom  of  the 
waters,  or  buried  in  the  sand,  and  some  fix  themselves  to 
rocks  by  means  of  a  bundle  of  homy  or  silky  filaments,  which 
spring  from  the  foot,  and  is  called  the  byssus. 

§  612.  This  class  is  divided,  according  to  the  presence  or 
absence  of  lamellated  branchiae,  into  two  orders.  The  lauielli- 
branchiata,  which  comprise  oysters,  muscles,  pearl  oysters  (Fig. 
460),  the  pectens,  the  mactre  (Fig.  160),  the  buccardes  (Fig. 
461),  the  solens  or  knife  handles,  the  teredo,  &c.  The  bra- 
chiopoda  owe  their  names  to  two  kinds  of  fleshy  arms,  which 
replace  the  foot ;  the  terebratulse  (Figs.  462  and  463)  pre- 
sent this  kind  of  structure. 


SuB-DlVISIOK 
OP  THE  MOLLUSCOIDES,  OR  TUNICATA. 

§  613.  The  animals  which  we  re-unite  here  are  considered 
by  most  zoologists  as  entitled  to  be  arranged,  some  amongst 
the  molluscs,  others  amongst  the  zoophytes ;  but  this  opinion 
seems  to  depend  on  the  imperfection  of  the  knowledge  pre- 
viously had  of  the  structure  of  these  beings,  but  now  that 
anatomy  and  physiology  are  better  known,  and  have  been  better 
studied,  it  may  be  seen  that  they  are  all  fonued  on  the  same 
general  plan,  and  that  they  establish  in  some  measure  the 
passage  between  the  moUusca,  properly  so  called,  and  the 
zoophytes.  They  all  have  a  distinct  digestive  tube,  turned  on 
itself,  and  open  at  both  extremities,  and  have  a  very  well  deve- 
loped branchial  apparatus  (Fig.  465) ;  most  of  them  also  pre- 
sent vestiges  of  a  nervous  system,  but  have  no  ganglionary 
ring  like  the  mollusca,  properly  so  called ;  finally,  almost  all 
multiply  by  granulations  as  well  as  by  ova,  and  thus  form 
aggregations  of  individuals  more  or  less  completely  confounded 
with  each  other. 
These  animals  are  all  aquatic,  and  are  fonued  on  two  prin- 
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□ipal  types — the  tniucata,  properly  %o  colled,  and  the  bryoEo- 
aria  or  dlittted  polypi. 

§  6I4r.  The  tuDicnta,  properly  so  called,  are  provided  with 
a  very  large  mantle,  in  the  form  of  a  sac  (Fig.  465),  which  cos- 
stitntea  in  I'ront  ofthe  sbdotnen  or  visceral  nixss  a  reiipiratory 
cavity,  enclosing  bntnchice,  varion^ly  arranged.  They  have 
a  heart,  and  bloodveseeU,  in  which  the  nonrishing  liquid  uir- 
cnlates  in  a  very  singular  manner,  lor  the  current  changes 


its  direction  periodically,  so  that  in  the  spaceofaome  minutes 
the  same  canal  performs  the  function  of  an  artery  and  a  vein. 
In  this  class  are  arranged  the  bipbores  (Fig.  465),  the  pyro- 
Homa,  and  the  ascidis  (Fig.  167),  distinguished  into  simple 
and  aggregated.  These  last  have  often  a  phytoid  appearance. 
The  history  of  the  biphores  presents  a  very  remarkable 
peculiarity.  Successive  generations  do  not  resemble  each 
other,  but  are  composed  alternately  of  aggregated  and  solitary 
individuals.  The  lirst  are  hermaphrodite,  and  produce  each 
a  young  one,  which  lives  isolated,  but  which  hus  no  repro- 
ductive oi^ans,  and  gives  birth,  by  granulation,  to  a  sort  of 

'  a,  irivapof  thep)iiQWt«l1»  DfthAiiAtnnlftiifl;  fi,  otbers,  mignjlled, hqiI 
Men  in  diJIFeTent  pontiou ;  c,  termluftti  nof  (heintettine. 


chain  ofaggr^sted  indiriduals.     These  Bingular  ki 
sufficiently  couidoii  in  Uie  Mediterraaesu. 


Pig.  4M.— Biphoro  (Biphore.)' 

§  615.  The  briozoaria,  which  even  very  lately  have  been 
cimtuunded  with  the  more  simple  polypi,  have  the  mantle  less 

*  B,  mouthy  a,  umB;  HiUiuKnUr  bfeadH HurTODDdinje  th«  greM  phKiyu- 
geal  or  reflpiTHtorj  caiilr ;  br,  giUs  i  e,  Tuceral  mus,  iDcludiDff  the  atoiDach, 
fiver,  *c,i  c.theVwt. 
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developed,  luid  the  gilla  exposed. '  The  organa  couaist  in  a 
crown  of  teDtacles,  which  surround  the  mouth,  and  which  have 
laterallj  vibratile  cilia  (Fig.  464).  The  anus  ia  near  the 
mantle,  and  the  blood  arrives  between  the  visi'ei'a  and  the 
mouth,  as  well  as  in  the  interior  of  the  tentacles,  but  is  not 
set  in  motion  by  a  heart.  Finally,  the  inferior  portion  of  the 
mantle  h  generally  hardened,  so  as  to  form  a  tube  or  cellule, 
sometimes  horny,  soinetimBH  calcareous,  into  which  the  aiiimaJs 
may  retire  altogether.  In  general  these  beings,  so  small  as 
to  be  almost  microscopic,  live  reunited  in  masses  more  or  less 
considerable.  Most  of  them  dwell  in  the  sea,  but  some  live 
in  freah  waters.  Amongst  these  last  we  may  mention  the 
alcjonellK,  the  plumatella  (Fig.  464),  common  enough  in  our 
stagnant  waters;  and  amongst  the  first,  the  llustra,  the 
retepora  and  the  vesicularia. 


Peimaet  Division, 
the   zoophytes. 

§  616.  In  this,  the  fourth  and  lastprimarydivisionof  the 
animal  kingdom,  the  organization  is  much  less  complete  than 


*  Ontheleilaiilct 


in  most  other  animalx ;  and  the  different  parts  of  the  economy, 
instead  of  being  dinpoeed  in  paire  on  each  side  of  a  lon^tudinal 
plane,  are  grouped  around  an  axis  or  cttnbral  point,  so  as  to 
givtt  to  the  whole  of  the  body  a  radiated  or  spherical  form. 


Fig.  167.— EDormn  (Enoriiiiii). 

The  nervous  system  is  either  rudimentary  or  wanting;  and 
there  are  no  apecial  oi^ans  of  sense,  unless  it  he  certain  small  • 
coloured  spots,  bearing  some  analogy  to  the  eyes  of  the 
mollnsca.     In  structure,  these  animals  differwidely  from  each 
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other;  and,  externally,  wme  more  resembie  planU  than 
auiraab.  They  have  been  divided  into  five  classes — the 
echinedermata,  the  aealepha,  the  polyps,  the  infusoria 
polygastria,  and  the  eponges. 

CLABB    or   THB   BCHINODERHATA. 

§  617.  The  echinodermata  (Figs.  136aiidl63)  areradiat«d 
animals  whose  akin  is  thiok,  and  oQ«n  sapported  by  a  solid 
skeleton  (Fig,  466),  with  a  very  eomplei  internal  atnicture. 
They  are  furmed  to  creep  along  the  bottom  of  the  watera, 
and  are  in  f^ieral  provided  with  a,  number  of  small  retractile 
tentacula,  which  pass  through  pores  in  the  integuments,  and 
act  by  their  extremities  like  suckers.     In  most  zoophytes, 


Fig,  468.— Holnanru. 

the  sea  urchin  and  holothnria  for  example,  the  digestive 
cavity  has  the  form  of  a  tube,  open  at  its  two  eitremities ;  aud 
in  oUiers  (the  sea  stars)  it  consists  only  of  a  aac,  furnished 
all  around  with  a  number  of  appendages,  more  or  l^ss  branched, 
withasiiigle  aperture  communicating  externally.  The  echino- 
dermata  have  a  circolatary  apparatus  sufBciently  developed ; 
and  of  all  the  zoophytes  are  those  whose  organization  is  most 
complex  and  most  perfect.    They  live  in  the  Bea,  and  when 

Soung  nndetp)  some  remarkable  metamorphoses.  The  echino- 
erroata  form  three  principal  groups — the  holothiuia  (Fig. 
468),  the  echinns  (Fig.  466),  and  the  aeteria  or  seastar  (Fig. 
136).     Some  species  of  tbb  hat  family  attach  themselves  by 


4S4  zooLoeY. 

a  soi-t  of  afalk,  Saoh  are,  ur  rather  were,  the  encrinidte 
(Fig.  467),  uow  rarely  mtt  with,  but  which  once  existed  in 
great  nuHiberfl  in  the  eeas  of  various  geological  epochB.  The 
hotothuria  are  remarkable  for  the  diapoBition  of  tiieii-  reBpira- 
tory  apparatus,  composed  of  membranous  tubes  ramified  like 
n  tree,  and  receiving  water  into  the  interior  through  the 
intermedium  of  a  cloaca  or  anus. 

CLASS    OF   THE   iCALKPH*:. 

§  618.  The  acaiephffi   are  soft  animals,  of  a  gelatinous 
consistence,  always  Boating  in  the  sea,  and  formed  essentially 


Fig.  469.— MediueFelsgie()jvu  Blubber,  McdusB  PcLigiu) . 

for  swimming.  Their  organization  is  very  simple;  the  skin 
is  not  distintt  from  the  Buhjacent  parts,  and  their  internal 
organs  are  reduced  to  a  cavity  or  stomach,  communicating 
with  the  exterior  by  a  single  opening,  and  giviog  rise  to 
canals  extending  into  the  different  parts  of  the  body,  and 


CLASS  OF  THE  C0EAL8,  OB  POLYPI.        485 

there  ramifying,  so  as  to  give  a  resemblance  to  a  vascular 
system. 

The  family  of  this  class  which  is  best  known  is  that  of  the 
medusse,  amongst  which  are  the  rhizostomes  (rhizostomatidae), 
which  abound  on  the  coast,  and  which  are  remarkable  for  the 
singular  disposition  of  the  digestive  apparatus,  the  stomach 
communicating  externally  by  a  great  number  of  small  canals, 
terminated  by  pores  at  the  free  extremity  of  the  tentacles. 
In  this  class  are  included  the  heroes  (of  the  class  ciliograda) 
which  resemble  small  balloons ;  the  cestidss,  which  have  the 
form  of  a  long  gelatinous  ribbon;  and  the  physophoridae, 
which  have  the  appearance  of  a  garland  of  flowers  and"  fruits.* 

The  medussB  produce  eggs  like  most  animated  beings,  but 
the  young  which  spring  I'rom  these  in  no  shape  resemble  the 
mother;  they  are  small  ovoid  bodies,  having  their  surface 
provided  with  vibratile  cilia,  and  which  soon  are  fixed,  and 
as  they  become  developed  form  zoophytes,  already  known  to 
naturalists  by  the  name  of  hydraid  polypi  (sertularidae,  for 
example) ;  these  multiply  by  granulations,  so  as  to  constitute 
colonies  of  aggregated  animals;  and  the  different  individuals 
of  the  new  generation  thus  produced  become  free  as  they  are 
developed,  and  metamorphosed  into  medusae.  This  succession 
of  individuals  of  two  kinds,  which  alternately  succeed  each 
other  and  present  the  same  forms  only  at  tne  second  ge- 
neration, has  been  called  metagenesis,  or  alternating  gene- 
ration. 

CLASS  OF  THE  COBALS  OB  POLYPI,  PBOPEBLY  SO  CALLED. 

§  619.  Some  confound  under  the  name  of  polypi,  the 
bryozoaria,  of  which  we  have  already  spoken  in  treating  of  the 
mollusco'ids  (§  615),  and  the  corals  or  polyps,  properly  so 
called,  which  have  a  structure  entirely  different  and  much 
less  complete.  These  are  animals  with  a  cylindrical  body, 
soft,  and  pierced  at  one  extremity  by  a  central  mouth,  sur- 
rounded with  tentacles,  and  without  vibratile  cilia  (as  Fig. 
470.) 

This  orifice  holds  the  place  of  anus,  and  leads  directly,  or 
by  the  intermedium  of  a  membranous  tube,  into  a  large 
cavity  occupying  all  the  body,  extending  superiorly  into  the 
tentacles,  and  lodging  the  ovaria  suspended  to  its  walls.    The 

•  In  this  family,  including  the  physaledae,  the  body  is  floated  by  air  cells, 
^ud  locomotion  performed  by  parts  exposed  to  the  wind.'-B.  K. 


inferior  ejrtreniilj  of  the  polyp  is  contracted,  bo  as  to  adhere 
to  foreign  bodies,  on  which  the  animal  is  desdned  to  live 
fixed  to  tlicm  1  its  akin  generally  hardens  to  a  large  extent, 
«o  as  to  fcirm  a  homy  ur  calcareous  envelope,  audt^uH  to 
the  cellnlcB  of  which  we  have  already  spoken  in  describing 
the  bryozoaria.  The  polyps,  properly  so  called,  resemble  alKi 
the  mollusco'ids  by  their  mode  of  mnltiplicatiou ;  for  most  of 
them  not  only  reproduce  bj  means  of  eggs,  but  jso  by  means 
of  granuluticins,  which  spring  from  ditferent.parts  of  the  sur- 
face of  their  bodies  and  never  become  detached  i  so  that 
different  generations  remain  enerafted  as  it  were  on  each 
other,  and  form  lai^r  or  smaller  masses,  in  which  all  the 
individuals  of  the  same  race  are  included,  and  live,  ap  to  a 
certain  point,  a  ''" 


Fig.  170.— Polyp  of  tbe  geaat  AnriMdM. 

The  portion,  in  some  measure  ossified,  of  the  tegumentary 
tunic  of  these  polyps,  presents  varied  forms,  and  constitutes 
sometimes  tubes,  sometimes  cellules.  For  a  long  period  this 
was  considered  merely  as  the  dwelling  of  the  polyps  which 
form  it,  and  it  is  to  it  that  the  name  of  polgpier  has  been 
given.  Sometimes  each  polyp  has  a  difitmct  politer,  bat 
in  general  it  ie  the  common  portion  of  a  mass  of  aggregated 
polvpi  which  presents  the  characters  peculiar  to  these  bodies, 
and  thus  these  form  aggregated  jukypieri,  the  volume  of 
which  may  become  very  considerable,  although  each  of  its 
constituent  parts  tuts  dimensions  which  are  veiy  smalL 
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§  620.  It  IB  iu  thU  way  that  poljM  with  bodies  only 
some  inched  long  raise  in  «eaa  ai^oinin^  the  tropics,  reefs  and 
islands.  When  they  are  placed  in  circnmstancea  favourable 
for  their  development,  rertain  animals  of  this  class  multiply 
HO  as  to  cover  chains  of  rockii  or  immenm  submariDe  banks, 
and  to  form,  with  the  rocky  raaases  of  their  ^of^;)i^«  heaped 
together  one  above  the  other,  mimaes  of  which  the  extent 
increases  unceasingly  hj  the  birth  of  new  individuals,  above 
those  already  existing.  The  solid  covering  of  each  colony  of 
polyps  remuiis  untouched  alter  ita  frail  architects  have  pe- 
rished, and  serves  as  a  base  for  the  development  of  other 
pol^ien,  until  the  living  reef  reaches  the  surface  of  the 
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waters;  for  then  these  animals  can  no  longer  live,  and  the 
soil  formed  by  their  iUbrit  ceases  to  rise.  But  soon  the 
surface  of  these  massed  of  polypiert,  exposed  to  tJie  action 
of  the  atmosphere,  becomes  the  seat  of  a  new  series  of  phe- 
nomena; gi'ains  deposited  by  the  winds,  or  floated  thither  by 
the  waves,  germinate,  and  cover  the  mass  with  a  rich  vege- 
tation, until  at  last  these  vast  chamel-bouaes  of  zoophytes 
almost  microscopic,  become  habitable  islands.  In  the  I*acific 
Ocean  a  number  of  reefs  and  islands  have  no  other  origin. 
In  general  they  seem  to  have  for  their  base  some  crater  ofan 
extinct  volcano,  for  they  have  almost  always  a  circular  form, 
and  present  in  the  centre  a  lagoon  communicating  externally 
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bj  a  finah  channel;  some  are  known  to  ho  moi%  than  tvn 
leagues  n\  diameter. 

li  621.  Almost  all  coral  animaU  inhabit  the  seaj  never- 
theless some  are  found  in  fresh 
waters.  Those  which  haVe  the 
L'orttl  cise  simply  fleahyor  homy, 
are  spread  over  all  climatea ;  but 
it  is  only  in  the  seas  oi' hot  climates, 
or  nearly  so,  that  we  find  an 
abundance  of  the  coral  i>olyp  with 
a  rocky  covering  or  com  case. 

Sometimes  these  aggregated 
]iolypa  deposit  in  (he  interior  of 
the  common  tissue  by  which  they 
are  united,  a  homy  or  calcareous 
matter,  constituting  a  sort  of  in- 
terior stalk,  which  branches  out 
like  a  tree,  in  proportion  as  the 
animated  niaHS  sends  forth  new 
branches  It  is  in  this  way  that 
the  corai  of  comniei'ce  is  formed 
(Fig.  166)  of  which  such  use  is 
niiide  in  the  fabrication  of  orna- 
ments, there  is  an  active  fishery 
for  this  substance  on  tlie  coast  of 
Algeria. 

The  actinim  belong  to  this  divi- 
sion of  the  nnimal  kingdom ;  they 
are  also  called  sea  anemones 
(Fig.  145) ;  they  have  a  fleshy 
body,  and  are  found  in  great  num- 
bers on  the  rocks  of  onr  coast ; 
the  caryophyjii  and  the  astreie, 
which,  more  than  all  others,  assist 
in  the  formation  of  coral  reefs 
(Fig.  167) ;  the  coral  anima!  itself 
^' V^'rw^u'?'  (^'.e-  ^SS)!  **>«  v^i'^tilli  (Fig-  473). 

which  do  not  adhere  to  the  soil, 
hut  are  simply  buried  in  the  sand  by  one  of  the  extremities 
of  the  common  stalk,  helong  to  this  division.  Most  zoolo- 
gisls  aho  class  with  them  the  hydra,  of  which  we  have 
already  spoken  (§  347). 
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OF   THE   CLA.SS   INFUSOEIA,   PEOPEELY   SO   CALLED.* 

§  622.  Those  animalcules  which  can  only  be  detected  by 
the  microscope,  or  which,  even  to  a  late  period,  have  been  con- 
founded with  the  rotatoria  (§  586),  but  whose  structure  is 
very  different,  are  developed  in  abundance  in  water  containing 
the  remains  of  organized  bodies.  Their  body,  sometimes 
rounded,  sometimes  elongated,  is  often  covered  with  small 
cilia,  and  offers  in  its  interior  a  number,  generally  very  con- 
siderable, of  small  cavities,  which  seem  to  perform  the  func- 
tions of  stomachs.  In  some,  these  little  enlargements  seem 
to  be  grouped  around  a  canal  which  opens  externally  by 
two  extremities  (Fig.  169) ;  but  at  other  times  they  seem  to 
be  altogether  isolated;  and  persons  who  have  made  these 
little  beings  the  object  of  a  special  study,  are  not  agreed  as  to 
the  existence  of  a  direct  communication  between  this  cavity 
and  the  exterior.  The  mode  of  propagation  of  the  infusoria  has 
been  the  object  of  much  research,  and  a  great  many  naturalists 
think  that  they  may  be  formed  directly  by  the  disintegration 
of  the  matters  of  which  leaves,  flesh,  and  other  organized 
bodies  are  composed ;  but  this  spontaneous  generation  is  far 
from  being  sufficiently  demonstrated,  and  it  is  known  that, 
in  certain  cases  at  least,  they  spring  from  each  other.  More- 
over, their  mode  of  propagation  is  quite  in  accordance  with 
the  simplicity  of  their  structure :  it  is  by  the  spontaneous 
division  of  their  body  into  two  or  more  fragments,  each  of 
which  continues  to  live,  and  soon  becomes  a  new  individual, 
resembling  the  first ;  thus  it  is  that  these  singular  beings  in 
general  multiply. 

Their  forms  are  very  varied,  and  they  have  been  divided 
into  several  genera,  amongst  which  we  may  mention  the 
enchelides  (iii.  Fig.  169),  which  have  an  oblong  body :  the 
volvwes,  which  are  globular,  and  continually  turn  on  them- 
selves ;  and  the  monswies  (i.  Fig.  169),  which  resemble  small 
points  whirling  in  the  water  in  which  they  swim.  It  is  owing 
to  the  presence  o£  myriads  of- a  particular  species  of  these 
small  monads,  whose  bodies  are  coloured  red,  that  salt  stag- 
nant waters  or  ditches  acquire  a  sanguinolent  colour. 

*  Many  of  the  small  beings  which  zoologists  place  in  this  gronp  appear 
rather  to  belong  to  the  division  moUusca  than  to  that  of  zoophytes ;  but 
their  natural  affinities  have  not  as  yet  been  so  clearly  established  as  to  enable 
us  to  discuss  this  question  here. 
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CLAS8  OF  THE   8P0NGTAEIA. 

§  623.  The  sponges  (Fig.  168)  and  the  other  bodies  of  an  ana- 
logous structure,  only  present  the  more  prominent  characters  of 
animality  during  the  early  period  of  their  life,  and  resemble 
later  rather  unformed  vegetables  than  ordinary  animals.  At 
the  time  of  birth,  these  singular  beings  sufficiently  resemble 
certain  infusoria;  their  bo^  is  oval,  and  provided  all  over 
with  vibratile  cilia,  by  means  of  which  they  swim  in  the 
waters ;  in  this  respect  they  bear  a  resemblance  to  the  larvae 
of  different  polyps  at  the  moment  when  they  leave  the  &^ ; 
but  soon  the  young  sponges  attach  themselves  to  some 
foreign  body,  become  almost  immovable,  give  no  longer  any 
signs  of  sensibility  or  of  contractility,  and  as  they  grow,  be- 
come completely  deformed.  The  gelatinous  substance  of 
their  bodies  becomes  pierced  with  holes  and  canals,  traversed 
unceasingly  by  the  waters,  and  there  is  developed  in  their  in- 
terior a  number  of  homy  filaments  and  spiculae,  sometimes 
calcareous,  sometimes  siliceous,  which,  disposed  in  cross  bun- 
dles, constitute  a  kind  of  solid  framework.  Finally,  at  cer- 
tain epochs  of  the  year  there  are  developed  in  the  substance 
of  these  shapeless  masses,  ovoid  or  spherical  corpuscles,  which 
fall  into  the  canals  already  menticmed,  and  which,  drawn  out- 
wards by  the  current  by  which  the  sponge  is  constantly  tra- 
versed, constitute  species  of  larvae  or  reproductive  bodies,  en- 
dowed with  the  locomotive  faculty  mentioned  above. 

A  great  number  of  these  sponges,  or  spongiaria,  are  known 
to  naturalists ;  most  of  them  belong  to  the  seas  of  warm 
regions,  but  several  live  on  the  rocks  of  our  coast.  Those 
used  so  abundantly  in  domestic  economy  are  distinguished  by 
the  purely  homy  nature  and  by  the  elasticity  of  the  filamente 
of  which  their  solid  framework  is  composed;  one  of  the 
species,  the  common  sponge,  is  found  in  great  abundance  in 
the  Mediterranean ;  another,  called  usual,  belongs  to  the 
American  seas.  These  bodies  are  the  object  of  an  important 
commerce,  and  to  prepare  them  for  the  uses  to  which  they 
are  destined  it  is  sufficient  to  wash  them  well,  so  as  to  detach 
from  their  homy  skeleton  the  animal  matter  with  which 
it  is  naturally  covered. 
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OF    THE   GEOGRAPHICAL    DISTRIBUTION 

OF  ANIMALS. 

§  624.  To  form  a  general  idea  of  the  animal  kingdom,  it 
is  not  sufficient  merely  to  know  the  principal  phenomena  by 
which  life  manifests  itself  in  animated  beings,  and  to  hav^e . 
studied  the  structure  of  their  bodies  and  the  mechanism  of 
their  functions ;  it  is  also  necessary  to  take  a  comprehensive 
and  general  view  of  the  manner  in  which  animals  are  spread 
over  the  surface  of  the  globe,  and  to  endeavour  to  appreciate 
the  influence  exercised,  or  which  may  be  exercised,  over  them 
by  the  various  circumstances  in  the  midst  of  which  they  are 
destined  to  live. 

§  625.  When  we  direct  our  attention  to  the  manner  in 
which  animals  are  distributed  around  us  on  the  globe,  we  are 
at  first  struck  with  the  difference  of  the  media  in  which  they 
live.  Some,  as  every  one  knows,  live  always  under  the 
waters,  and  die  speedily  when  they  are  removed  from  this 
liquid ;  others  can  live  only  in  air,  and  perish  so  soon  as  they 
are  immerged.  Some,  in  fact,  are  destined  to  people  the 
waters,  others  to  live  on  land ;  and  when  we  compare,  physio- 
logically and  anatomically,  these  aquatic  and  terrestrial 
animals,  we  discover,  at  least  in  part,  the  causes  of  these  dif- 
ferences in  their  mode  of  existence. 

In  studying  respiration,  we  have  pointed  out  a  constant 
relation  between  the  intensity  of  this  function  and  the  vital 
energy.  Animals,  we  have  said,  consume  in  a  given  time  an 
amount  or  quantity  of  oxygen  always  the  more  considerable 
that  their  movements  are  more  lively  and  their  nutrition  more 
rapid.  Now,  they  can  only  obtain  this  oxygen  in  the  fluids 
with  which  their  bodies  are  bathed,  and  in  a  litre  of  air 
(1*760773  pints)  there  exist  208  cubic  centimetres  (eighty  cubic 
inches,  nearly)  of  this  vivifying  principle ;  whilst  in  a  litre  of 
water  there  exist  dissolved  merely  about  thirteen  centimetres 
(five  cubic  inches).  It  is  evident,  then,  that  the  de^ee  of  activity 
in  the  respiratory  function,  indispensable  to  tne  exercise  of 
the  faculties  peculiar  to  the  superior  animals,  ought  to  be 
much  more  easily  attained  in  air  than  in  water,  and  that  by 
reason  of  this  difference  alone  a  stay  or  residence  in  this 
latter  fluid  must  be  and  is  interdicted  to  all  the  more  elevated 
beings  in  the  animal  scale.  It  is  readily  comprehended,  in 
£ict,  that  an  animal  which,  in  order  to  live,  requires  to 
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appropriate  to  itself  at  every  instant  a  considerable  quantity 
of  oxygen,  cannot  find  it  in  sufficient  proportion  when  plunged 
under  water,  and  that  then  it  must  perish  aapl^yxiated.  But 
at  first  view,  it  seems  less  easy  to  explain  the  causes  by  which 
an  aquatic  animal  cannot  continue  to  live  when  withdrawnv 
from  the  water  and  placed  in  air,  for  it  is  then  furnished  with 
a  liquid  richer  in  oxygen  than  was  the  liquid,  the  vivifying 
action  of  which  sufficed  for  all  its  wants.  There  are,  how- 
ever, various  circumstances  which,  to  a  certain  point,  explain 
this  phenomenon.  Thus  we  learn  by  physics  (natural  philo- 
sophy), that  a  body  weighed  successively  in  air  and  water,  is 
lighter  in  this  latter  than  in  the  former,  and  that  to  maintain 
it  in  equilibrium,  a  weight  equivalent  to  that  which  repre- 
sented its  weight  in  air  less  that  of  the  mass  of  water  it  has  ' 
displaced,  is  then  sufficient.  From  this  it  results  that  ani- 
mals whose  tissues  are  too  soft  to  support  themselves  in  the 
air,  and  which  collapse  to  such  a  degree  as  to  become  unfit  to 
perform  their  functions  in  the  organism,  may  yet  live  well  in 
the  bosom  of  the  waters  where  these  same  tissues,  being 
scarcely  denser  than  the  surrounding  fluid,  have  occasion  to 
ofier  merely  a  feeble  resistance  to  preserve  their  forms,  and  to 
preserve  the  different  parts  of  the  body  from  collapsing  on 
themselves.  This  single  consideration  suffices  to  explain 
why  gelatinous  animals,  such  as  the  infusoria  and  medusae, 
are  necessarily  confined  to  the  waters ;  for  when  we  observe 
one  of  these  delicate  beings  still  plunged  in  this  liquid,  we 
see  that  all  its  parts,  even  the  most  slender  or  delicate,  sup- 
port themselves  in  their  normal  position,  and  float  with  ease 
in  the  surrounding  medium ;  but,  so  soon  as  we  withdraw 
them  from  it,  their  whole  body  collapses,  and  presents  to  the 
eye  merely  a  shapeless  and  confused  mass.  The  influence  of 
the  density  of  the  surrounding  medium  on  the  mechanical 
play  of  the  instruments  of  life  makes  itself  also  felt  on  ani- 
mals whose  structure  is  more  perfect,  but  in  which,  however, 
respiration  is  performed  by  ramified  membranous  appendages, 
like  little  bushes  or  bunches  of  feathers.  Thus  in  the  anne- 
lides,  or  even  in  fishes,  the  branchise  or  gills  are  composed  of 
flexible  filaments,  which  support  themselves  easily  in  the 
midst  of  water,  and  in  this  way  permit  the  respirable  fluid  to 
reach,  and  to  be  renewed  at  all  points  of  their  surface  ;  but  in 
the  air  these  same  membranous  filaments  collapse  by  the 
effect  of  their  own  weight,  fall  on  each  other,  and  by  that 
alone  exclude  the  oxygen  from  the  greater  part  of  the  respira- 
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tory  apparatus.     Prom  this  it  results  that  this  function  is 
then  shackled,  and  that  the  animal  may  die  asphyxiated  in 
the  air,  whilst-  he  found  in  water  that  which  he  required  to 
breathe  freely.     To  be  convinced  of  the  importance  of  thew 
variations  in  the  physical  condition  of  organs  placed  in  air  or 
in  water,  it  is  sufEcient  to  recal  what  takes  place  in  our  prac- 
tical or  dissecting-rooms.     An  anatomist  desirous  of  study- 
ing the  structure  of  a  delicate  part,  would  attain  his  object 
with  difficulty,  if  he  made  his  dissection  with  the  part  exposed 
simply  to  the  air ;  but  by  placing  under  water  the  object  of 
his  study,  he  is  thereby  enabled  to  distinguish  much  more 
readily  all  its  parts ;  for  these  parts,  supported  in  some  mea- 
sure by  the  liquid,  preserve  then  their  natural  relations  as  if 
'  they  had  a  rigid  and  consistent  tissue.    Another  circum- 
stance which  has  an  equal  influence  over  the  possibility  of 
life  in  air  or  in  water,  is  the  evaporation  which  always  takes 
place  from  the  surface  of  the  organized  bodies  when  placed  in 
air,  but  which  does  not  happen  in  water.     A  certain  degree 
of  desiccation  causes  all  organic  tissues  to  lose  their  distin- 
guishing physical  properties,  and  we  constantly  observe  that 
losses  by  evaporation  cause  the  death  of  animals  when  it  goes 
beyond  certam  limits.     It    results  from  this,  that  beings 
whose  organization  is  not  calculated  so  as  to  preserve  them 
from  the  injurious  effects  of  such  an  evaporation,  can  live 
only  in  water,  and  perish  promptly  in  the  air.      Now  the 
animal  economy  can  only  meet  this  exigency  by  means  of  a 
great  complication  in  its  structui*e.     In  fact,  if  the  resi)ira- 
tion  must  be  active,  it  becomes  necessary  that  the  respiratory 
surface  be  then  lodged  profoundly  in  some  internal  cavity 
where  the  air  can  only  be  renewed  in  the  quantities  necessary 
for  the  support  of  life.     To  seci^e  this  renewal,  it  is  essential 
that  the  respiratory  apparatus  be  complicated  with  motor 
organs  proper  to  secure  it ;  to  prevent  the  desiccation  of  any 
portion  of  the  surface  of  the  body,  it  becomes  necessary  also 
that  the  distribution  of  the  liquids  in  the  various  parts  of  the 
body  be  accomplished  easily,  and  that  there  exist  an  active 
circulation,  or  otherwise  that  this  surface  be  clothed  with  a 
tunic  scarcely  permeable.     This  is  so  true,  that  even  in  fishes, 
in  which   the  circulation  is   so   complete,  but  takes  place 
slowly,  and  in  which  the  capillai-y  network  is  not  very  close, 
death  takes   place   rapidly,   as  a  necessary  consequence  of 
the  desiccation  of  a  part  of  the  body — of  the  posterior  por- 
tion, for  example — even  when  this  portion  alone  be  exposed 
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to  the  air,  all  the  rest  of  the  animal  remainiiig  plunged  under 
water. 

We  might  also  add,  that  in  water,  alimentation  is  possible 
with  instruments  of  prehension  and  of  motion  less  perfect 
than  in  air,  in  which  the  transport  of  foreign  matters  re- 
quired by  the  animal  is  more  difficult  to  accomplish.    Thus, 
under  all  its  more  essential  relations,  life  is,  in  some  measure, 
easier  to  sustain  in  the  bosom  of  the  waters  than  on  the  sur- 
face of  the  dry  land ;  it  necessitates  in  the  atmosphere  phy- 
siological instruments    more  complex   and  more    perfect ; 
therefore  the  waters  are  the  natural  element  of  the  animals 
placed  lower  in  the  scale  of  the  zoological  series ;   and  if  the 
productions  of  the  creation  have  succeeded  each  other  in  the 
same  order  of  the  transitory  conditions  through  which  each 
animal  passes  during  the  period  of  its  development,  we  ma^'^ 
conclude  that  it  was  in  tne  middle  of  the  waters  that  ani- 
mated beings  appeared  first,  a  result  which  accords  with  the 
observations  of  geologists  and  the  assertions  of  scripture.  The 
physiologist  may  in  this  manner  give  an  account  of  the  actual 
mode  of  distribution  of  animals  between  the  two  geological 
elements  which  divide  the  surface  of  the  globe,  land  and 
water:  but  these  fundamental  differences  are  not  the  only 
ones  which  we  observe  in  the  geographical  distribution  of 
animated  beings.     If  a  naturalist,  famuiar  with  the  fauna  of 
this  oountrv,  visit  distant  regions,  he  sees,  in  proportion  as  he 
advances,  the  earth  peopled  with  animals  new  to  him,  and 
these  species  next  disappear  in  their  turn  to  make  room  for 
other  species  equally  unknown  to  him.     If  quitting  France 
he  lands  in  South  Africa,  he  will  find  but  a  very  small  num- 
ber of  animals  similar  to  those  he  had  seen  in  Europe,  and  he 
will  observe,  especially,  the  large-eared  elephant,  the  hippopo- 
tamus, the  double-homed  rhinoceros,  the  giraffe,  innumera- 
ble flocks  of  antelopes,  the  zebra ;  the  Cape  bi^alo,  whose  horns 
cover  by  their  large  base  all  the  forehead ;  the  black-maned 
lion.;  the  chimpanzee,  which,  of  all  animals,  most  resembles 
man ;  the  cynocephalus,  or  dog-faced  ape ;  peculiar  species  of 
vultures ;   a  number  of  bright-plumaged  birds,  strangers  to 
Europe ;  insects  equally  different  from  those  of  the  north,  the 
fatal  termites,  for  example,  which  live  in  numerous  societies, 
and  build  of  the  soil  habitations  of  considerable  elevation 
and  most  singular  construction. 

§  626.  If  our  zoologist  quits  the  Cape  of  Good  Hope  and 
penetrates  into  the  large  island  of  Madagascar,  he  will  there 
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find  a  still  different  fauna.  There  he  will  no  longer  observe 
the  large  quadrupeds  he  found  in  Africa,  and  the  family  of 
the  apes  will  be  replaced  by  other  mammals,  equally  well 
formed  to  climb  trees,  but  more  resembling  the  carnivora, 
and  called  by  naturalists  the  Makis .:  he  will  meet  with  the 
Aye-aye,  an  animal  of  the  most  singular  nature,  which  seems 
to  be  the  object  of  a  sort  of  veneration  on  the  part  of  the  in- 
habitants, and  which  partakes  at  the  same  time  of  the  nature  of 
the  squirrel  and  of  the  monkey ;  the  tenrecs,  small  insectivorous 
mammals,  which  have  the  back  protected  with  spines  or 
quills,  like  our  hedgehogs,  but  which  yet  do  not  roll  them- 
selves up  into  a  ball ;  the  clefb-nosed  chameleon,  and  several 
curious  reptiles  not  found  elsewhere,  as  well  as  insects  no  less 
characteristic  of  this  region. 

§  627.  Still  travelling  onwards  and  arriving  in  India,  our 
traveller  will  find  an  elephant  distinct  from  that  of  Africa ; 
oxen,  bears,  rhinoceroses,  antelopes ;  stags,  equally  difierent 
from  those  of  Europe  and  of  Africa ;  the  onran^-outang,  and 
a  number  of  other  apes  peculiar  to  these  countries ;  the  royal 
tiger,  the  argus,  the  peacock,  the  pheasant,  and  an  almost 
innumerable  multitude  of  birds,  reptiles,  and  msects  imknown 
elsewhere. 

§  628.  Should  he  afterwards  visit  New  Holland,  still 
everything  will  be  new  to  him,  and  the  aspect  of  this  fauna 
will  appear  to  him  still  more  strange  than  that  of  the  various 
zoological  populations  he  had  already  passed  in  review.  He 
will  then  no  longer  find  animals  analogous  to  our  oxen, 
horses,  bears,  and  to  a  great  number  of  our  large  carnivora : 
the  quadrupeds  of  great  stature  will  be  found  totally  wanting, 
and  he  will  discover  the  kangaroo,  the  flying  phalanger,  and 
the  omithorhynchus. 

§  629.  Finally,  if  our  traveller,  in  order  to  return  to  his 
native  country,  should  traverse  the  vast  continent  of  America, 
he  will  discover  there  a  fauna  analogous  to  that  of  the  Old 
World,  but  composed  almost  entirely  of  difierent  species :  he 
will  there  find  apes  with  prehensile  tails;  lar^  carnivora, 
sufficiently  resembling  our  lions  and  tigers,  bisons,  lamas, 
tatous ;  finally,  birds,  reptiles,  and  insects,  equally  remarkable, 
and  equally  new  to  him. 

§  630.  Diflerences  no  less  striking  in  the  species  of  ani- 
mals peculiar  to  different  regions  of  the  globe,  are  observable, 
when,  instead  of  confining  our  observation  to  the  inhabitants 
of  the  land,  we  examine  the  myriads  of  living  beings  which 
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live  in  the  midst  of  the  waters.  In  passing  from  the  coast  of 
Europe  into  the  Indian  Ocean,  and  from  this  last  into  the 
seas  of  America,  we  meet  with  fishes,  molluscs,  Crustacea,  and 
zoophytes  peculiar  to  each  of  these  parts  of  the  sea.  This 
localization  of  species,  whether  aquatic  or  terrestrial,  is  so  well 
marked  that  a  naturalist  a  little  experienced  cannot  mistake 
at  the  very  first  sight  the  origin  of  zoological  collections  made 
in  one  or  other  of  the  great  geographical  divisions  of  the 
glohe  which  may  be  submitted  to  his  examination.  The  fauna 
of  each  of  these  divisions  presents  a  peculiar  aspect,  and  may 
be  easily  characterized  by  the  presence  of  certain  species, 
more  or  less  remarkable. 

§  631.  Naturalists  have  imagined  several  hypotheses  to 
explain  this  mode  of  distribution  of  animals  on  the  surface  of 
the  globe ;  but  in  the  actual  state  of  science  it  is  impossible 
to  give  a  satisfactory  explanation,  unless  we  admit  that  from 
the  beginning  of  the  actual  geological  period  the  various 
species  have  been  distributed  in  the  different  regions,  and  that 
by  degrees  they  have  afterwards  spread  to  a  distance,  so  as  to 
occupy  a  more  or  less  considerable  portion  of  the  surface  of 
the  globe.  In  the  actual  condition  of  the  globe,  it  is  impos- 
sible for  us  to  discover  all  the  zoological  focuses ;  for  one  may 
imagine  the  possibility  of  exchange  so  multiplied  between 
two  regions,  the  faunse  of  which  were  primitively  distinct, 
that  they  can  only  now  offer  at  the  present  jnoment  species 
common  to  both,  and  thus  nothing  can  reveal  to  the  eyes  of 
the  naturalist  their  original  separation ;  but  when  a  country 
is  found  to  be  peopled  with  a  considerable  number  of  species 
not  to  be  found  elsewhere,  even  where  the  local  circumstances 
most  resemble,  we  shall  be  authorized  to  think  that  such  a 
portion  of  the  globe  has  always  been  a  distinct  zoological 
region. 

What  the  naturalist  ought  to  inquire  into  is,  not  how  it 
happens  that  the  various  points  of  the  globe  are  inhabited  at 
the  present  day  by  different  species,  but  rather  how  these 
animals  have  been  able  to  spread  themselves  to  a  distance 
over  the  surface  of  the  globe,  and  how  nature  has  set  to  thi« 
diffusion  variable  limits,  according  to  the  species.  This  last 
question  especially  presents  itself  to  the  mind,  when  we  ob- 
serve how  unequal  is  the  extent  of  the  domain  occupied  by 
different  animals.  The  ourang-outang,  for  example,  confined 
to  the  Island  of  Borneo  and  the  neighbouring  territories ;  the 
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musk-ox,  limited  to  the  most  northern  parts  of  America, 
and  the  llama,  to  the  elevated  regions  of  Pern  and  of  Chili; 
whilst  the  wild  duck  is  found  everywhere,  from  Lapland  to 
the  Cape  of  Gtood  Hope,  and  from  the  United  States  'of  Ame- 
rica to  China  and  Japan. 

The  circumstances  which  favour  the  dissemination  of  spe- 
cies are  of  two  kinds.     The  first  is  connected  or  dependent  on 
the  nature  of  the  animal  itself;  the  second,  with  causes  foreign 
to  it.     In  the  number  of  the  first,  the  development  of  the 
locomotive  power  holds  an  important  place.     All  things  being 
equal,  the  species  which  live  fixed  to  the  soil,  or  which  possess 
but  imperfect  instruments  for  locomotion,  occupy  but  a  re- 
stricted portion  of  the  surface  of  the  globe,  compared  with 
species  whose  movements  of  translation  are  rapid  and  ener- 
getic.    Thus,  amongst  terrestrial  animals,  birds  offer  us  most 
examples  of  cosmopolitan  species ;  and  amongst  the  aquatic 
animals,  cetacea  and  fishes.     Reptiles,  on  the  contrary,  are 
generally  cantoned  on  narrow  limits ;  and  the  same  may  be 
said  of  most  of  the  molluscs  and  of  the  Crustacea.     The  in- 
stinct which  leads  certain  animals  periodically  to  change  their 
climate,  contributes  also  to  cause  the  dissemination  of  species; 
and  this  instinct,  as  we  have  already  seen,  exists  in  a  great 
number  of  these  beings.     Amongst  the  circumstances  foreign 
to  the  animal,  and  in  some  measure  accidental,  concurring  to 
bring  about  the  same  result,  the  influence  of  man  may  be 
placed  foremost;  and  to  give  of  this  an  exact  idea,  it  will  be 
sufficient  to  mention  a  few  species.      The  horse  originally 
belonged  to  the  steppes  of  Central  Asia ;  and  at  the  epoch  of 
the  discovery  of  America,  there  did  not  exist  in  the  New 
World  an  individual  of  the  species.     The  Spaniards  trans- 
ported  the  horse  with   them  at  an  epoch  which  does  not 
ascend  beyond  three  ages ;  and  in  our  day,  not  only  the  in- 
habitants of  this  vast  continent,  from  Hudson's  Bay  to  the 
land  of  Fire,  possess  horses  in  abundance,  but  these  animals 
have  even  recovered  their  wild  condition,  and  are  found  in 
troops  almost  innumerable.     It  is  the  same  with  our  domestic 
ox.     CaiTied  from  the  Old  to  the  New  World,  they  have  in- 
creased to  such  an  extent,  that  in  some  parts  of  South  America 
they  are  hunted  solely  with  a  view  to  obtain  the  hides  for  the 
manufacture  of  leather.     The  dog  also  has  been  everywhere 
the  companion  of  man ;  and  we  may  add  to  the  number  of 
animals  become  cosmopolitan  in   our  time,  the   rat,  which 
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seems  originally  to  have  been  American,  which  entered  Europe 
in  the  middle  ages,  and  may  now  be  found  even  in  the  isles 
of  Oceanica. 

In  soine  instances  animals  have  been  able  to  burst  natural 
bairiers  seemingly  insurmountable,  and  to  spread  themselves 
over  a  more  or  less  considerable  portion  of  the  surface  of  the 
globe  by  means  of  circumstances  which  at  first  sight  seem 
extremely  unimportant, — such  as  themovementof  a  fragment 
of  ice,  or  of  a  morsel  of  wood  swept  along  by  currents  to  dis- 
tances often  very  considerable :  thus  nothing  is  more  common 
than  to  meet  at  sea,  at  a  distance  of  hundreds  of  leagues  from  all 
land,  fuci  floating  on  the  surface  of  the  water,  supporting  small 
Crustacea  incapable  by  themselves  of  removing  by  swimming 
to  any  great  distance  from  the  cx)asts  where  they  were  produced. 
The  great  maritime  current  which,  leaving  the  Gulf  of  Mexico, 
coasts  along  North  America  as  high  as  Newfoundland,  then 
directs  itself  towards  Iceland  and  Ireland,  and  redescends 
towards  the  Azores,  often  carries  with  it,  even  to  the  coasts  of 
Europe,  trunks  of  trees,  which  the  Mississippi  has  torn  away 
from  parts  the  most  remote  of  the  New  World,  and  carried  to 
the  sea.  Now  these  timbers  are  often  bored  by  the  larvae  of 
insects,  and  may  give  attachment  to  the  eggs  of  moUusca, 
insects,  &c.  Finally,  even  birds  contribute  to  the  dispersion 
of  living  beings  over  the  surface  of  the  globe,  and  that  in  a 
most  singular  manner;  these  animals  often  do  not  digest 
the  eggs  they  swallow,  and,  discharging  them  at  considerable 
distances  from  the  place  where  they  had  found  them,  transport 
to  a  distance  the  germs  of  a  race  unknown  to  that  time  in 
the  countries  where  they  have  been  deposited.  Notwith- 
standing these  means  of  transport,  and  of  other  circumstances 
equally  calculated  to  favour  the  dissemination  of  species, 
there  are  really  very  few  animals  cosmopolitan,  and  most 
of  these  beings  are  cantoned  in  regions  sufficiently  limited. 
Moreover,  we  comprehend  why  it  should  be  so  in  studying 
the  circumstances  which  may  oppose  their  progress.  But 
this  study  is  far  from  furnishing  us  with  a  sufficient  explana- 
tion of  the  limited  circumscription  of  a  species,  and  it  is  often 
impossible  for  us  to  divine  why  certain  animals  remain  con- 
fined to  a  locality  when  there  seems  to  be  nothing  opposed  to 
their  propagation  in  neighbouring  districts. 

§  632.  However  this  may  be,  the  obstacles  to  the  geo- 
graphical dissemination  of  species  are  sometimes  altogether 
mechanical,  at  other  times  phj'siological ;  and  amongst  the 
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first  we  may  mention  Beas  and  high  chains  of  mountains. 
For  terrestrial  animals,  in  fact,  seas  of  a  cei-tain  extent  form  in 
general  an  insurmomitable  barrier ;  and  we  see  that,  all  things 
being  equal  in  other  respects,  the  mixture  of  two  distinct 
faunse  is  always  the  more  intimate  that  the  regions  to  which 
they  belong  are  more  geographically  approximated,  or  are 
placed  in  communication  by  intermediate  lands.  Thus  the 
Atlantic  Ocean  prevents  the  species  proper  to  Tropical  Ame- 
rica from-  spreading  into  Africa,  Europe,  and  Asia ;  and  the 
fauna  of  the  New  World  is  completely  distinct  from  that  of 
the  Old,  unless  it  be  in  the  more  elevated  latitudes  towards 
the  northern  pole ;  but  there  the  lands  approach :  America  is 
only  separated  from  Asia  by  the  straits  of  Hehring,  and  holds 
relations  with  the  north  of  Europe  through  Greenland  and 
Iceland ;  thus  zoological  exchanges  could  take  place  much 
more  easily,  and  it  is  there,  in  fact,  that  we  find  the  species 
common  to  the  two  worlds, — such  as  the  white  bear,  the  rein- 
deer, the  beaver,  the  ermine,  the  pelerine  falcon,  the  white- 
headed  eagle,  <&c.  Lofty  chains  of  mountains  constitute  also 
natural  barriers  which  often  arrest  the  dispersion  of  species, 
and  prevent  the  fusiou  of  faunse  peculiar  to  neighbouring 
zoological  regions.  Thus  the  two  slopes  of  the  Cordilleras  of 
the  Andes  are  inhabited  by  species  generally  distinct;  and 
the  insects  of  Brazil,  for  example,  are  almost  all  distinct  from 
those  we  meet  with  in  Peru  or  in  New  Granada.  The  dis- 
persion of  marine  animals  living  near  the  coast  is  shackled 
m  the  same  way  by  the  geographical  configuration  of  the 
globe ;  but  here  it  is  sometimes  a  long  contiguity  of  land, 
sometimes  a  vast  extent  of  the  deep  sea,  which  opposes  itself 
to  the  dissemination  of  species.  Thus  most  of  the  animals 
of  the  Mediterranean  are  also  found  in  the  European  portion 
of  the  Atlantic,  but  have  not  been  able  to  reach  the  Indian 
seas,  from  which  the  Mediterranean  is  separated  by  the  isthmus 
of  Suez ;  nor  to  traverse  the  Atlantic  Ocean,  to  spread  them- 
selves on  the  coasts  of  the  New  World. 

§  633.  The  physiological  circumstances  which  tend  to 
limit  the  different  faunae  are  more  numerous ;  but  that  which 
presents  itself  in  the  first  place  is  unquestionably  the  unequal 
temperature  of  the  different  regions  of  the  globe.  There  are 
species  which  can  support  equally  well  an  intense  cold  and 
tropical  heat;  man  and  the  dog,  for  example;  but  there 
are  others  which  in  this  respect  are  less  favoured  by  nature, 
and  which  do  not  prosper,  or  even  cannot  exist,  but  under  the 
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influence  of  a  fixed  temperature.  Thus  the  apes  which  crowd 
the  tropical  regions  almost  always  die  of  phthisis  (pulmo- 
nary consumption)  when  they  are  exposed  to  the  cold  and 
humidity  of  our  climate ;  whilst  the  reindeer,  formed  to  support 
the  rigors  of  a  long  and  rude  Lapland  winter,  suffers  from 
heat  at  St.  Petersburg,  and  in  general  sinks  quickly  under 
the  influence  of  a  temperate  climate.  Prom  this  it  results 
that,  in  a  great  number  of  cases,  differences  in  climate  alone 
are  found  to  be  suflicient  to  arrest  the  march  of  species  from 
high  latitudes  towards  the  equator,  or  from  equatorial  regions 
towards  the  poles.  The  influence  of  temperature  on  the  ani- 
mal economy  explains  to  us  also  why  certain  species  remain 
cantoned  in  a  chain  of  mountain*  without  beingable  to  spread 
abroad  into  analogous  localities.  We  know,  in  fact,  that  the 
temperature  decreases  by  reason  of  the  elevation  of  the  soil, 
and  that  in  consequence  animals  which  live  at  considerable 
elevations  could  not  descend  into  the  low  plains  to  reach 
other  mountains,  without  traversing  coimtries  where  the  tem- 
perature is  much  superior  to  that  of  their  ordinary  habita- 
tion. The  llama,  for  example,  abounds  in  the  grassy  coun- 
tries of  Peru  and  of  Chili,  situated  at  an  elevation  of  four  or 
five  thousand  metres  (from  four  to  five  thousand  yards) 
above  the  level  of  the  sea,  and,  extending  to  the  south  as  far 
as  the  extremity  of  Patagonia ;  but  it  is  to  be  found  neither  in 
Brazil  nor  Mexico,  because  it  could  not  arrive  there  without 
descending  into  regions  too  hot  for  its  constitution. 

The  nature  of  the  vegetation  and  of  the  pre-existing  fauna 
in  a  region  of  the  globe  equally  influences  its  appropriation  by 
exotic  species.  Thus  the  dispersion  of  the  silkworm  is 
limited  by  the  disappearance  of  the  mulberry  above  a  certain 
degree  of  latitude ;  the  cochineal  cannot  spread  itself  beyond 
a  region  where  grows  the  cactus ;  and  the  large  camivora, 
unless  they  live  on  fish,  cannot  exist  in  the  polar  regions, 
where  the  vegetable  productions  are  too  scant  to  support  a 
considerable  liumber  of  herbivorous  quadi'upeds. 

§  634.  It  were  easy  for  us  to  multiply  examples  of  these 
necessary  relations  between  the  existence  of  an  animal  species 
in  a  given  locality,  and  the  existence  of  certain  climateric, 
phytological,  or  zoological  conditions ;  but  we  want  space  for 
such  details,  and  the  considerations  we  have  just  given  appear 
to  us  sufficient  to  give  an  idea  of  the  manner  by  which  nature 
has  accomplished  the  repartition  of  animal  species  over  dif- 
ferent points  of  the  surface  of  the  globe ;  and  to  attain  the 
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end  we  proposed  in  touchino:  on  this  subject,  it  only  remains 
for  us  to  take  a  view  (coup  d'cBil)  of  the  results  brought  about 
by  the  different  circumstances  of  which  we  have  just  spoken, 
that  is  to  say,  of  the  actual  condition  of  the  geographic  dis- 
tribution of  animated  beings.  When  we  compare  the  various 
regions  of  the  globe  with  each  other  in  the  relation  of  their 
zoological  population,  one  is  struck  at  first  with  the  extreme 
inequality  observable  in  the  number  of  species.  In  a  certain 
country,  for  example,  we  meet  with  an  extreme  diversity  in 
the  forms  and  the  structure  of  the  animals  composing  its 
fauna,  whilst  elsewhere  there  reigns  in  this  respect  a  great 
uniformity ;  and  it  is  easy  to  observe  a  certain  relation  be- 
tween the  different  degrees  of  zoological  richness  and  the 
elevation,  more  or  less  considerable,  of  the  temperature.  In 
fact,  the  number  of  species,  as  well  marine  .as  terrestrial,  aug- 
ments in  general  in  proportion  as  we  descend  from  the  poles 
towards  the  equator.  The  more  remote  polar  regions  offer  to 
the  traveller  only  a  few  insects,  and  in  its  icy  seas  the  fishes 
and  the  moUusca  themselves  are  but  little  varied ;  in  tem- 
perate climates  the  fauna  becomes  more  numerous  in  species; 
but  it  is  in  the  tropical  regions  that  nature  shows  herself 
most  prodigal  in  this  respect,  and  the  zoologist  cannot  see 
without  astonishment  the  endless  diversity  of  animals  which 
are  accumulated  there. 

It  is  remarkable  also  that  there  exists  a  singular  coin- 
cidence between  the  elevation  of  the  temperature  in  different 
zoological  regions,  and  the  degi'ee  of  organic  perfection  of  the 
animals  inhabiting  them.  It  is  in  the  hottest  climates  that 
we  find  the  animals  which  most  approach  man,  and  those 
which  in  each  great  zoological  division  possess  the  orga- 
nization the  most  complex,  and  the  faculties  most  developed; 
whilst  in  the  polar  regions  we  meet  only  with  beings  occu- 
pying a  rank  but  little  elevated  in  the  zoological  series.  The 
apes,  for  example,  are  limited  to  the  hottest  parts  of  the 
two  continents ;  it  is  the  same  with  the  parroquets  amongst 
birds ;  the  crocodiles  and  the  tortues  (turtles  and  tortoises) 
amongst  reptiles,  and  of  land-crabs  amongst  the  Crustacea, — 
all  animals  the  most  perfect  in  their  respective  classes. 

It  is  also  in  hot  countries  that  we  find  the  terrestrial  the 
most  remarkable  for  the  beauty  of  their  colours,  the  size  of 
their  bodies,  and  the  singularity  of  their  forms. 

Finally,  there  seems  to  exist  a  certain  relation  between  the 
climate  and  the  tendency  of  nature  to  produce  such  or  such 
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an  animal  form.     Thus  we  observe  a  great  resemblance  be- 
tween most  of  the  animals  inhabiting  the  Boreal  and  Austral 
regions ;  the  faunae  of  the  temperate  regions  of  Europe,  Asia, 
and  North  America  offer  a  great  analogy  in  their  general 
aspect ;  and  in  the  tropical  countries  of  the  two  worlds  we 
see  predominating  similar  forms.      It  is  not  that  we  find 
identical  species  in  regions  distinct  and  nearly  isothermal, 
but  species  more  or  less  neighbouring,  and  which  seem  to  be 
the  representatives  of  one  and  the  same  type.    Thus,  the  apes 
of  India  and  of  Central  Afiica  are  represented  in  tropical 
America  by  other  apes,  easily  distinguished  from  the  first ;  to 
the  lion,  the  tiger,  and  the  panther  of  the  Old  Continent, 
coiTespond  in  the  New  World  the  couguar,  the  jaguar,  and 
the  ocelot.      The   mountains   of  Europe,  of  Asia,   and   of 
Northern  America,  nourish  bears  of  different  species,  but  still 
presenting  but  slight  differences.     Seals  abound  especially  in 
the  neighbourhood  of  the  two  polar  circles ;  and  if  we  wish 
to  look   for  proofs  of  this  tendency,  not  in  the  more  ele- 
vated classes  of  the  animal  kingdom,  but  amongst  the  inferior 
beings,  we  shall  find  them  no  less  evident;    the  icrevisses 
(crav^-fish  and  lobster),  &c.,  forexamt)le,  appear  to  be  confined 
to  the  temperate  regions  of  the  glooe,  and  are  found  spread 
abroad  throughout  the  greatest  part  of  Europe,  by  the  species 
so  common  in  our  rivulets,  in  the  south  of  Kussia  by  a  dif- 
ferent species,  in  Northern  America  by  two  other  species 
equally  distinct  from  the  preceding,   in  Chili  by.  a"  tburth 
species,  to  the  south  of  New  Holland  by  a  fifth,  in  Mada- 
gascar by  a  sixth,  and  at  the  Cape  of  Good  Hope  by  a 
seventh. 

The  comparison  of  the  faunae  peculiar  to  the  different  zoo- 
logical regions  of  the  globe,  conducts  to  other  results,  of  which 
it  is  more  difficult  to  give  an  explanation.  Thus,  when  we 
.examine  successively  the  whol^  of  the  species  inhabiting 
Asia,  Africa, -and  America,  there  may  be  observed  in  the 
fauna  of  the  New  World  a  character  of  inferiority  which  did 
not  escape  the  celebrated  Buffon.  In  fact,  thertif  do  not  exist 
in  the  New  World  mammals  so  large  as  in. the  old  continents ; 
we  find  indeed  in  Northern  America  a  considerable  number 
of  apes,  but  amongst  these  .animals  there  are  none  equal  to 
the  ourang  and  chimpanze ;  and  it  is  rather,  the  rodents  and 
the  edentata  which  abound  the  most,  that  is  to  say,  of  all 
ordinary  mammals-  the  least  intelligent.  Finally,  it  is  in 
America  that  we  meet  with  the  sarigues  (opossums),  animals 
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which  belong  to  an  inferior  t^'pe  of  ordinaiy  mammals,  and 
which  have  no  representatives  in  Europe,  Asia,  or  Africa.  If 
we  pass  afterwards  from  the  New  World  to  Australia,  a  still 
newer  region,  we  find  a  fauna  the  inferiority  of  which  is  still 
more  evident,  for  the  class  of  mammals  is  there  scarcely  re- 
presented by  the  marsupialia  and  the  monotremes. 

With  regard  to  the  delimitation  of  the  different  ssoolo^ical 
regions  which  divide  the  globe,  and  to  the  composition  of  the 
fauna  peculiar  to  each  of  them,  we  cannot  treat  oi'  it  here 
without  passins:  beyond  the  limits  prescribed  by^  this  course  of 
instruction,  and  we  the  less  regret  this  necessity  seeing  that 
in  the  actual  state  of  the  science  these  questions  are  far  from 
being  solved. 

We  shall  even  close  here  our  zoological  studies,  for  the 
object  we  had  proposed  to  ourselves  was  not  theparticular  de- 
scription of  each  animal,  nor  the  enumeration  of  the  charac- 
ters by  which  they  might  be  known  or  grouped  methodically ; 
we  only  wish  to  give  in  this  course  ideas  on  the  nature  and 
properties  of  these  beings,  to  sketch  rapidly  the  principal . 
traits  of  their  history,  and  to  furnish  to  our  young  readers 
the  general  knowledge  the  most  useful  to  all,  arid  indispen- 
sable to  those  who  wish  to  study  more  deeply  this  branch  of 
the  sciences  of  observation. 


THE   END. 
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